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GLOSSARY 

ACRE-FOOT. The quantity of water required to cover 1 acre to a depth 
of 1 foot. It is equal to 43,560 cubic feet or 325,851 gallons. 

ADIT. A horizontal or near-horizontal passage from the ground surface 
into a mine or underground installation. 

ADVERSE VISUAL IMPACT. Any impact on the land form, water form, or 
vegetation, or any introduction of a structure that negatively changes 
or interrupts the visual character of the landscape and disrupts the 
harmony of the natural elements. 

AlRBLAST. A motion-producing sound generated by an explosive blast and 
resulting rock breakage and movement; it is commonly expressed as a 
relative sound level in decibels (dB) at a particular frequency that is 
measured in hertz (Hz). Like ground vibration, it is an undesirable 
side effect of the use of explosives to break rock for mining, 
quarrying, excavation and construction. 

ALLUVIUM. Clay, silt, sand and gravel deposited by running water. 

AMBIENT. Conditions in the vicinity of a reference point, usually 
related to physical environment (e.g., the ambient temperature is the 
outdoor temperature). 

ANGLE OF REPOSE. The maximum slope at which a heap of any loose or 
fragmented solid material will stand wi thout sliding when poured or 
dumped in a pile or on a slope; also called the angle of rest. 

AQUIFER. A geologic formation, group of formations, or part of 
formation that contains sufficient saturated permeable material 
yield a significant quantity of water to wells or springs. 

a 
to 

ATOM. A particle of matter indivisible by chemical means. It is the 
fundamental building block of the chemical elements. An inner core 
(the nucleus) is composed of protons and neutrons, while one or more 
much smaller electrons orbit the nucleus. 

ATOMIC MASS UNIT (amu). One-twelfth the mass of an atom of carbon-12. 
1 amu - 1.66057 x 10-27 kg. 

ATOMIC NUMBER. The number of 
shown as a subscript in 
(92U238) the atomic number is 

protons in the nucleus of an atom. It is 
atomic nomenclature. For uranium-238 

92. 

ATOMIC WEIGHT. The sum of the number 
nucleus of an atom. It is shown 
nomenclature. For uranium-238 (92U238) 

of protons and neutrons in the 
as a superscript in atomic 

the atomic weight is 238. 

BACK. The rock above any opening, such as a tunnel, stope or drift; 
~roof. 
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BACKGROUND LEVEL. The concentration of a pollutant that would exist in 
the absence of the particular source under study. A "standard" against 
which the contribution of the particular source can be compared. 

BACKGROUND RADIATION. 
including cosmic rays 
elements. 

The 
and 

radiation 
radiation 

in man's 
from the 

natural environment, 
naturally radioactive 

BALLAST. Rough, unscreened gravel used to form the bed of a railway or 
as substratum for new roads. 

BASE FLOW. The sustained or normal flow of a stream. 

BED. The smallest division of a stratified series 
marked by a more or less well-defined divisional 
neighbors above and below. 

of rock layers, 
plane from its 

BENCH. In open-pit mines, a ledge that forms a single level of 
operation above which mineral or waste materials are excavated from a 
contiguous bank or bench face. The mineral or waste is removed in 
successive layers, each of which is a bench, several of which may be in 
operation simultaneously in different parts of and at different 
elevations in an open-pit mine. 

BO~ROW PIT. Location from which soil materials are taken to be used as 
topsoil on reclaimed sites. 

BULKHEAD. A tight partition of wood, rock or concrete in mines to 
contain some material. 

CAVING. The action of caving in, collapsing; the failure and sloughing 
in of boreholes, mine workings or excavation~. 

CHARGE DELAY. The time separation, usually in milliseconds, between 
detonation of individual charges of explosives in a blast. 

COEFFICIENT. In physics, a number commonly used in computation as a 
factor, expressing the amount of some change or effect under certain 
conditions such as temperature, length, time or volume. 

COHESION. That property of like mineral grains that enables them to 
cling together in opposition to forces tending to separate them; 
measured in pounds per square foot. 

COLLUVIUM. Loose and incoherent deposits, usually at the foot of a 
slope or cliff and brought there chiefly by gravity. 

COLOR. The property of an object that reflects light of a particular 
wavelength, enabling the eye to differentiate otherwise unidentifiable 
objects. 

CONSOLIDATED. In geology, having been pressed in to a hard rock. In 
soil mechanics, having simply been brought into equilibrium with the 
applied forces causing a decrease in volume. 
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CONTOUR FURROWING. Plowing along the contour lines of uneven terrain 
to limit erosion. 

CONTRAST. The effect of a striking difference in the form, line, color 
or texture of the landscape features within an area being viewed. 

CONTROL. 
check. 

A standard of comparison .in scientific experimentations; 

COUNTRY ROCK. Rock. adjacent to or surrounding a mineral deposit or 
dike in which no minerals of economic interest occur. 

CREST. The top of an excavated slope; the highest natural projection 
that crowns a hill or mountain. 

CROSSCUT. In underground mining, an opening driven across a deposit, 
or, in general, across the direction of the main workings. 

CUBIC FOOT PER SECOND (ft3/s or cfs). The rate of discharge 
representing a volume of 1 cubic foot of water passing a given point 
during 1 second. It is equivalent to 7.48 gallons per second, or 448.8 
gallons per minute. 

CURIE. The measurement of radioactivity of a substance. One curie 
equals the disintegration of 37 billion (3.7 x 1010 ) nuclei per 
second, which is approximately the rate of decay of 1 gram of radium. 

DAUGHTERS, PROGENY. Nuclides formed by the radioactive decay of other 
nuclides (the parents). 

DECAY, RADIOACTIVE. The spontaneous emission of radiation from the 
nucleus a radioactive atom. This will either transform one nuclide 
into a different nuclide,· or change the energy state of the same 
nuclide. 

DECIBEL (dB). A unit used to express the relative intensity of sounds 
on a scale from 0 (for the average least perceptible sound) to about 
130 (for the average pain level). 

DECLINE. A shaft sunk at an angle from the vertical. 

DENDRITIC. Formed or marked in a branched or tree-like pattern. 

DIABASE (DIABASIC). A fine-grained intrusive rock composed mainly of 
plagioclase feldspar and pyroxene. 

DIKE. An igneous intrusion that cuts across the planar structures of 
the surrounding rock (See Sill). 

DIP. The angle of a slope, vein, rock stratum or borehole as measured 
from the horizontal plane downward. 

DISCHARGE. The rate of flow at ~ given instant in terms of volume per 
unit of time (e.g., cubic feet per second or gallons per minute). 
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DOSE, ABSORBED. The amount of radiation absorbed; the energy imparted 
to matter by ionizing radiation per unit mass of irradiated material at 
the place of interest. The special unit of absorbed dose is the rad. 

DOSE COMMITMENT. The total dose that an organism is expected to 
receive in its lifetime from a given quantity of radioactive material 
deposited in the body. 

DOSE EQUIVALENT. A common scale measurement of the effects of the 
different types of radiation. The unit of dose equivalent is the rem. 
The following are considered equivalent to 1 rem of dose: 1) a dose of 
1 Roentgen (R) due to X- or gamma rays; 2) a dose of 1 rad due to X-, 
gamma or beta radiation; 3) a dose of 0.1 rad due to neutrons or 
high-energy protons; and 4) a dose of 0.5 rad due to particles heavier 
than protons (i.e., alpha radiation). 

DRAWDOWN. Vertical distance the free water elevation is lowered, or 
the reduction of the pressure head due to the removal of free water. 

DRIFT. A horizontal passage underground, with neither end reaching the 
surface. 

ELECTRON. An elementary particle having a charge of -1 esu 
(electrostatic unit) and a mass of 1/1837 amu (atomic mass unit). 

ENTRY. An underground passage for hauling, ventilation or as a way of 
transit for miners. 

EPHEMERAL STREAM. A stream or portion of a stream that flows only in 
direct response to precipitation in the immediate locality, and whose 
channel is at all times above the water table. 

EXPOSURE. The quotient dq/dm, where "dq" is the absolute value of the 
charge of the ions of one sign produced in air, when all the electrons 
(negatrons and positrons) liberated by photons in a volume element 
having mass "dm" are completely stopped by air. The special unit of 
exposure is the roentgen (R). 

EXPOSURE RATE. The exposure per unit of time (e.g., roentgens/minute, 
mi11iroentgens/hour). 

FACE. In any adit, tunnel or stope, the end at which work is 
progressing or was last done. 

FAULT. A fracture or fracture zone along which there has been 
displacement of the two sides relative to one another and parallel to 
the fracture. 

FLUVIAL. Of or pertaining to a river or rivers. 
action of a stream or river. 

Produced by the 

FORM. The mass or shape of an object or objects which appear unified, 
such as in the shape of the land surface or patterns placed on the 
landscape. 
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FORMATION. A more or less related group of rocks grouped together into 
a unit that is convenient for description and mapping. 

FRACTURE. Failure by the parting of a material. 

FRICTION ANGLE. The angle between the perpendicular to a surface and 
the resultant force acting on a body resting on the surface, at which 
the body begins to slide. 

FRICTION ANGLE (ANGLE OF INTERNAL FRICTION). The angle which 
characterizes the increase in sheer strength with increasing normal 
stress on a given plane in a material. The tangent of the angle of 
internal friction is the increase in shear strength for a unit increase 
in normal stress. It is approximately equal to the angle of repose for 
dry, cohesionless materials. 

FUGITIVE DUST. Particulates made airborne by forces of wind, man IS 

activities, or both. 

GRADIENT. 
length. 

The ratio of vertical fall of a ri ver' s channel to its 

GRANTS MINERAL BELT. Includes the area of uranium deposits from Gallup 
on the west to the western edge of the Rio Grande trough on the east. 

GROSS ALPHA. The total rate of alpha particle emission from a sample 
without regard to energy distribution or source nuclide. 

GROSS BETA. The total rate of beta particle emission from a sample 
without regard to energy distribution or source nuclide. 

GROUND VIBRATION. An undesirable side effect of the use of explosives 
to break rock for mining, quarrying, excavation and construction; 
expressed as the velocity of a particular point or particle in the 
ground (particle velocity), and measured in inches per second (in/s). 

GROUND WATER MOUNDING. The mound-shaped build-up of the potentiometric 
surface resulting from the downward percolation of water into an 
aquifer. 

GROWTH MEDIUM. A soils material, natural or reconstituted, that will 
support a plant community. 

HALF-LIFE. The time required for a radioactive element to lose half of 
its atoms through radioactive decay. Each radionuclide has a unique 
half-life. 

HEAD, STATIC. The height above a 
surface of a column of water that 
pressure at a given point. 
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HEAD, TOTAL. The total head of a liquid at a given point is the sum of 
three components: 1) elevation head, which is equal to the elevation 
of the given point above a reference point; 2) pressure head, which is 
the height of a column of static water that can be supported by the 
static pressure at the given point; and 3) velocity head, which is the 
height the kinetic energy of the liquid is capable of lifting it. 

HERTZ (Hz). A unit of frequency equal to one cycle per second. 

HIGH PASS. A method of measuring airb1ast in decibels (dB) at a 
certain frequency in hertz (Hz). 

HIGH-RADIATION AREA. Any area accessible to individuals in which a 
major portion of the body could receive, in anyone hour, a dose in 
excess of 100 mi11irems. 

HIGHWALL. The excavated face of exposed overburden and/or ore in an 
open-pit mine. 

HORIZON. Layers (in a soil profile) resulting 
processes are grouped into three categories (A, 
subdivisions of these categories are called horizons. 

from soil-forming 
B and C). The 

HYDRAULIC CONDUCTIVITY. The rate of flow of water in gallons per day 
through cross-section of 1 square foot of a subject medium under a unit 
hydraulic gradient. (Synonym, permeability coefficient.) 

IN SITU. In its natural position or place. 

INTERNAL RADIATION. Radiation from a 
resu1 t of deposition of radionuc1ides 
inhalation or implantation. 

source within the body as a 
in body tissues by ingestion, 

INTRUSION. A feature (land and water form, vegetation or structure) 
that is generally considered out of context because of excessive 
contrast and disharmony with the characteristic landscape. 

ION. An atom that carries a positive or negative electric charge as a 
result of having lost or gained one or more electrons. 

IONIZATION. The process by which a neutral atom acquires a positive or 
negative charge. 

ISOTOPES. Atoms with the same atomic number but different atomic 
weights. The difference in atomic weight is due to the numbef of 
neutrons in the atom's nucleus. 

LEVEL. A horizontal passage or drift into or within a mine. 
customary to work mines by levels at regular intervals in depth. 

It is 

LINE. The path, real or imagined that the eye follows when perceiving 
abrupt differences in form, color or texture. Within landscapes, lines 
may be found as ridges, skylines, structures, changes in vegetative 
types, or individual trees or branches. 
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MAJOR (STRUCTURAL) BLAST DAMAGE. The most severe type of damage to 
structures caused by blasting. This type of damage affects the 
load-supporting ability of a structure (e.g., rupture of arches, 
falling of masonry, structural weakening). 

MINING HEIGHT. The height of an underground mine opening. 

MINOR BLAST DAMAGE. An intermediate level of damage to structure s 
caused by blasting (e.g., loosening and falling of plaster, hairline to 
1/8-inch-wide cracks, falling of loose mortar). 

MUCK. Broken ground from an underground mining operation. 

NEUTRON. An elementary particle having no charge and a mass of 1 
atomic mass unit. 

ORE. A mineral of sufficient value (quality and quantity) that it may 
be mined with profit. 

ORE ZONE. A horizon in which ore minerals are known to occur. 

OVERBURDEN. Soil and rock horizons as measured from the surface down 
to a specific mineral layer. 

OVERPRESSURE. The pressure in an airb1ast wave in excess of the 
atomopheric pressure. 

PAN EVAPORATION. The amount of water that evaporates from a standard 
U.S. Weather Bureau 4-foot-diameter evaporation pan. Measured in 
inches per year. 

PERCHED WATER TABLE. A water table, usually of limited area, 
maintained above the normal free water elevation by the presence of an 
intervening, relatively impervious, confining earth layer. 

PERCOLATION. The movement of gravitational water through soil. 

PIEZOMETER. An instrument for measuring pressure head, usually 
consisting of a small pipe tapped into the side of a closed or open 
conduit and flush with the inside. It is connected to a pressure gage, 
wa ter column, or other device for indicating pressure head. May also 
be a small-diameter well placed in an aquifer. 

PILLAR. In situ rock between two or more underground openings. 

PIPING. Erosion by percolating water in a layer of subsoil, resulting 
in caving and the formation of narrow conduits, tunnels or pipes. 

PLANT ASSOCIATION. Plant community of definite composition, presenting 
a uniform physiognomy and growing in uniform habitat conditions. 

PLUTONIC. Of igneous origin. 

PORE. Interstice or void; a space in rock or soil not occupied by 
solid mineral matter. 
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POROSITY. The ratio (usually expressed as a percentage) of the volume 
of voids in a given mass to the total volume of the mass. 

PORTAL. The surface entrance to a decline or an adit. 

POTENTIOMETRIC SURFACE. An imaginary surface representing the total 
head of ground water above a reference level for a particular area, and 
defined by the level to which water will rise in a well drilled in that 
area. (Synonym, piezometric level.) 

PRESSURE. Force per unit area applied to the outside surface of a body. 

PRESSURE HEAD. Equivalent to the height of a column of water that can 
be supported by the pressure. 

PROTORE. As used in this EIS, a component of the Jackpile Sandstone. 
This component material was stockpiled during mining because it 
con tains elevated but sub-economic uranium concentrations that might 
become economical to process at some future time because of rising 
prices or improved technology. At the Jackpile-Paguate mine, the 
protore contains .02 to .059 percent uranium (Uj)8). 

RAD. The special measurement unit of absorbed dose; the quantity of 
any type of ionizing radiation that imparts a dose of 100 ergs to 1 
gram of tissue (from ~adiation ~bsorbed Qose). 

RADIATION. Particles or energy emitted from the nucleus of a 
radioactive atom. 

RADIATION AREA. Any area accessible to individuals in which a major 
portion the body could receive, in anyone hour, a dose in excess of 5 
millirems (mrems) or, in any 5 consecutive days, a dose in excess of 
100 mrems. 

RADIOACTIVE MATERIAL. Any material (solid, liquid or gas) that emits 
radiation spontaneously. 

RADIOACTIVITY. The disintegration of unstable atomic nuclei by the 
emission of radiation. 

RADIUM-226. A radioactive metallic element in group II of the periodic 
system; one of the alkaline-earth metals. Radium resembles barium in 
its chemical properties. 

RADIUS OF INFLUENCE (OF A WELL). The distance from the center of a 
pumping well to the closest point at which the ground water is not 
lowered. 

RADON-222. A heavy, radioactive gaseous element. It emanates from 
(i.e., is a daughter product of) radium-226. Radon has a half-life of 
3.823 days and is an alpha particle emitter. 

RAISE. An opening, like a shaft, made in the back (roof) of an 
underground level to reach a level above. 
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REM. A measure of the dose of any radiation to body tissue, in terms 
~its estimated biological effect relative to a dose of 1 roentgen (R) 
of X-rays (from ~oentgen !quiva1ent ~an). One mi11irem (mrem) = 0.001 
rem. 

RESTRICTED AREA (CONTROLLED AREA). 
controlled to protect individuals 
radioactive materials. 

Any 
from 

area to 
exposure 

which access 
to radiation 

is 
and 

ROCK. Geologically, any naturally formed aggregate of mineral matter 
constituting an essential and appreciable part of the earth's crust. 

ROCKFALL. The relatively free falling of a newly detached segment of 
rock of any size from a cliff, steep slope, or underground opening. 

ROENTGEN. The unit of exposure. The quantity of X- or gamma radiation 
that produces ions carrying 1 electrostatic unit (esu) charge of either 
sign (+ or -), in 1 cubic centimeter of dry air at standard temperature 
and pressure. 

ROOM. A wide working place in a flat mine (corresponds to a stope in 
steep vein). 

ROOM AND PILLAR MINING. Method of underground mining where drifts are 
driven on a regular pattern leaving pillars to support the overburden. 
The pillars are usually removed at the end of , mining in that area. 

SAFETY FACTOR. The ratio of forces available to resist slope failure 
and the forces tending to cause this failure. 

SCALE. The proportionate size relationship between an object and the 
surroundings in which the object is placed. Also, to remove surface 
loose rock from excavation faces. 

SCALED DISTANCE. A factor in blast design, equal to the 
distance from the blast in feet divided by the square root 
explosive weight in pounds. 

SEEPAGE. See Percolation. 

actual 
of the 

SEISMIC. Pertaining to, characteristic of, or produced by earthquakes 
or earth vibration (as from blasting). 

SET. A frame for supporting the ground around a shaft, tunnel or other 
excavation. 

SHAFT. A vertical or steeply inclined excavation or opening from the 
surface down through the strata to the mineral to be mined. 

SILL. An igneous intrusion that parallels the planar structure of the 
surrounding rock (See Dike). 

SINUOSITY. The ratio of a river's channel length to the length of its 
valley. 
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The following measures are approved as the minimum level of reclamation required under the 
scope of the Record of Decision: 

1. Pit Bottoms 

A Backfill Levels 

Pts will remain as closed basins. Pit 
bottoms will be backfilled to at least 10 
feet above the Dames and Moore 
(1983) projected ground water recovery 
levels as indicated below. A schematic 
diagram is shown in the FEIS, Appendix 
A (Figure A-1, 001 Proposal). 

Proposed Minimum 
Pit Backfill Levels 

Jackpile 
North Paguate 
South Paguate 
South Paguate 
(SP-20) 

5939' 
5958' 
5995' 
6060' 

A groundwater recovery level monitoring 
program will be implemented. 
Additional backfill will be added as 
necessary to control ponded water. The 
duration of the monitoring program will 
be a minimum of 10 years. 

B. Backfill Materials 

Backfill materials will consist of protore, 
waste dumps Hand J, and excess 
material obtained from waste dump 
resloping and stream channel clearing. 
These materials will be covered with 3 
feet of overburden and 2 feet of topsoil 
(i.e., Tres Hermanos Sandstone or 
alluvial material). 

C Stabilization 

All backfill slopes will be reduced to no 
greater than 3:1 (horizontal to vertical). 
Surface water control berms will be 
constructed within pit bottoms to reduce 
erosion and retain soil moisture for plant 
growth. Surface runoff will also be 
directed to small retention basins in the 
pit bottoms. All areas in the pits will 
then undergo surface shaping, topsoil 
application and seeding as outlined 
under "Revegetation Methods" below. 

2 
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D. Post-Reclamation Access 

Human and animal access to pit 
bottoms will be prevented. Livestock 
grazing will be prevented with the use 
of sheep-proof fencing due to the 
uncertainties of predicting radionuclide 
and heavy metal uptake into plants 
(forage). 

2. Pit Highwalls 

A Jackpile Pit Highwall 

The top 15' of highwall will be cut to a 
45 degree slope. All soil and 
unconsolidated material at the top of 
the highwall will be sloped 31. The 
highwall will be scaled to remove loose 
debris. A schematic diagram is shown 
in the FEIS, Appendix A (Figure A-7) 

B. North Paguate Pit Highwall 

The top 15' of highwall will be cut to a 
45 degree slope. All soil and 
unconsolidated material at the top of 
the highwall will be sloped 31. The 
highwall will be scaled to remove loose 
debris. A schematic diagram is shown 
in the FEIS. Appendix A (Figure A-7) 
Additionally, the highwall will be fenced 
with 6-foot chain link. 

C. South Paguate Pit Highwall 

The top 15' of highwall will be cut to a 
45 degree slope. All soil and 
unconsolidated material at the top of 
the highwall will be sloped 31. The 
highwall will be scaled to remove loose 
debris. A schematic diagram is shown 
in the FEIS, Appendix A (Figure A-7) 
Additionally, the highwall will be fenced 
with 6-foot chain link. 

3. Waste Dumps 

Waste dumps Hand J will be relocated 
to Jackpile pit as backfill. Most dump 
slopes will be reduced to 3: 1 or less 
and the dump slopes will be contour 
furrowed; exceptions are noted in 
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Table 1-4 of the FEIS. Dumps which 
have Jackpile Sandstone on their outer 
surface and any Jackpile Sandstone 
exposed during resloping will be 
covered with 3 feet of overburden and 
16 Inches of topsoil. Dumps that do not 
contain Jackpile Sandstone on their 
outer surfaces will be covered with 18 
inches of topsoil. Berms will be installed 
on all dump crests to control erosion. 
All dump tops will slope slightly away 
from their outer slopes. Dump slopes 
will be contoured so their toes are 
convex to prevent formation of major 
gullies on slopes. Additional surface 
treatment is outlined under 
"Revegetative Methods" below. 
Detailed modifications and treatments 
are presented in Table 1-4 of the FEIS. 
A schematic diagram is shown in the 
FEIS. Appendix A (Figure A-g). 

4. Protore Stockpiles 

All protore will be used as backfill 
material in pit areas. Backfill will be 
covered with 3 feet of overburden and 2 
feet of Tres Hermanos Sandstone or 
alluvial material. 

5. Site Stability and Drainag!2 

A. Stream Stability 

All contaminated soils and fill material 
within 100 feet of the Rio Paguate west 
of its confluence with the Rio Moquino 
will be excavated and relocated to the 
open pits. For the Rio Moquino. waste 
dumps S. T. U .• Nand N2 will be pulled 
back 50 feet from the centerline of the 
stream channel. The toes of these 
dumps will be armored with riprap. A 
concrete drop structure will be 
constructed across the Rio Moquino 
approximately 400 feet above the 
confluence with the Rio Paguate. 

B. Arroyo Headcutting 

Arroyos south of waste dumps I. Yand 
Y2. and the arroyo west of waste dumps 
FD-1 and FD-3 will be armored as 
shown in the FEIS. Appendix A (Figure 
A-13). Other headcuts encountered 
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during reclamation will also be 
stabilized byarmoring. 

C. Blocked Drainages 

Waste dump J and protore stockpiles 
SP-17BC and SP-6-B will be removed 
to unblock ephemeral drainage on 
south side of minesite. Two blocked 
drainages north of FD-1 and F dumps 
will remain blocked. Remainder of 
minesite. excluding open pits, will drain 
to Rios Paguate and Moquino. 

6. Surface Facilities/Structures 

A. Lease No.1 (Jackpile Lease) 

All buildings on Lease No. 1 will be 
demolished and removed except for 
the Geology building. miner trainer 
center and buildings at Old Shop and 
the Open Pit offices. The land surface 
(except pit highwalls and natural 
outcrops) will be cleared of radiological 
material (e.g .. Jackpile Sandstone) until 
gamma readings of twice background 
or less are achieved. These areas will 
then be graded and seeded. 

B. Lease No.4 

All structures and facilities associated 
with P-10 Mine and New Shop. 
including all buildings. roads. parking 
lots. sewage systems. power lines and 
poles will be left. All operational and 
maintenance equipment. including 
tools. machinery. supplies will be 
removed. All permanent structures and 
land surfaces (except pit highwalls and 
natural outcrops) will be cleared of 
radiological material until gamma 
readings of twice background or less 
are achieved. These areas will then be 
graded and seeded. Nonsalvageable 
contaminated buildings and materials 
will be removed to the pits for disposal. 

C. Access Routes 

The four major roads within minesite 
will be cleared of radiological material 
and left after reclamation for post­
mining use. These access routes 
include: 1) access road from P-10 and 
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New shop to State Highway 279; 2) 
main road through mine; 3) road that 
passes between housing area and North 
Oak Canyon Mesa and then proceeds to 
P-10; and 4) road to Jackpile Well No. 
4. All other roads (except on Lease No. 
4) will be removed. These areas will 
then be graded and seeded. 

D. Water Wells 

Jackpile Well No.4, P-10 Well, New 
Shop Well and Old Shop Well, and 3 
wells and their associated sheltering 
structures (near housing area) will be 
lef1. The pumps, riser pipe, wiring and 
water storage tanks will be removed. 
Wells established for future monitoring 
purposes will also be lef1. All wells will 
be capped to prevent dust, soil and 
other contaminants from entering the 
well casing. 

E. Rail Spur 

The rail spur will be left intact and 
cleared of radiological material until 
gamma readings of twice background or 
less are achieved. Quirk loading dock 
will be demolished and hauled to the 
pits. 

7. Drill Holes 

All drill holes will be plugged according 
to the State Engineer's requirements. A 
5-foot surface concrete plug will also be 
placed in each hole. Any cased holes 
will have the casing cut off at the 
surface. In addition, areas around drill 
holes will be seeded. Any exploration 
roads not wanted by the Pueblo will be 
reclaimed. 

8. Underground Modifications 

A Ventilation Holes 

Vent holes will be backfilled with waste 
material (Dakota Sandstone and 
Mancos Shale) to within 6 feet of 
surface. Surface casing will be 
removed, steel support pins installed in 
walls of vent holes, and sealed with a 6-
foot concrete plug from backfill to 
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surface. Areas around vent holes will 
be contoured and seeded. 

B. Adits and Declines 

A concrete bulkhead will be 
constructed approximately 680 feet 
below portal of P-10 decline. The 
decline will be backfilled from bulkhead 
to ground surface with Dakota 
Sandstone and Macos Shale. 
Sufficient material will be placed over 
the portal to allow for compaction and 
settling. The ground surface above the 
buried portal will be sloped and then 
top-dressed and seeded. The Alpine 
mine entry will be bulkheaded and 
backfilled. Mine entries not previously 
plugged by backfilling will be covered. 
Additionally, the H-1 mine adits will be 
bulkheaded and backfilled and the 
adits at the P-13 and NJ-45 mines will 
be backfilled. 

9. Revegetation Methods 

A Top Dresssing 

Following final sloping and grading, pit 
bottoms will be top dressed with 24", 
waste dumps with 18" and all other 
areas within the minesite with 12" of 
material composed primarily of Tres 
Hermanos Sandstone (stockpiled at 
three locations within minesite). In 
order to meet top dressing volume 
requirements for the northern portion of 
the minesite, additional material may 
be obtained from a topsoil borrow area 
in the Rio Moquino floodplain 
comprising 44 acres. For the southern 
portion of the minesite, additional 
topsoil borrow material located east of 
J and H dumps may be needed. 
Following topsoil removal, disturbed 
borrow areas, will be contoured, 
fertilized, seeded and mulched. 

B. Surface Preparation 

After applying top dressing, areas to be 
planted will be fertilized, followed by 
disking to a depth of 8 inches and then 
contour furrowing. 
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C. Seeding and Seed Mixtures 

Before seeding operations begin, the 
entire minesite will be fenced to prevent 
livestock grazing. In most situations, 
seed mixtures will be planted with a 
rangeland drill. Broadcast seeding 
combined with hydromulching may be 
used on inaccessible sites or if 
determined to be more feasible than 
drilling. For both methods, the seed 
mixture will consist mainly of native 
plant species possessing qualities 
compatible with post-grazing use and 
adapted to local environment (Tables 3-
10 and 3-11, FEIS). Following drill 
seeding, straw mulch will be applied at 
about 2 tons per acre, and crimped into 
place with a notched disk. 

D. Revegetation Success 

Using the Community Structure Analysis 
(CSA) or comparable method, plant 
establishment will be considered 
success when revegetated sites reach 
90 percent of the density, frequency, 
foliar cover, basal cover and production 
of undisturbed reference areas (but not 
sooner than 10 years following seeding). 
Livestock grazing will be prevented until 
90 percent comparability values are 
met. At the end of the 10-year 
monitoring period, if an unsuccessful 
trend is shown retreatment may be 
necessary to achieve success criteria. 
In the pit bottoms, vegetation will be 
sampled annually for radionuclide and 
heavy metal uptake. 

10. Monitoring 

The monitoring period will vary for each 
parameter. Existing monitoring activities 
to be continued will include: 
meteorologic sampling, air particulate 
sampling, radon sampling (ambient), 
radon exhalation sampling, gamma 
survey, soil and vegetation sampling, 
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water monitoring and subsidence. In 
addition, the monitoring progl'8m will be 
expanded to include: radon daughter 
levels (working levels) in any remaining 
mine buildings and ground water 
recover levels/salt build-up in the open 
pits. The ground water monitoring 
period will be of sufficient duration to 
determine the stable future water table 
conditions. Refer to Table 1-5 of the 
FEIS for details of the monitoring plan 
as described under the Preferred 
Alternative. 

11. Security 

Control of minesite access and security 
will continue during reclamation and 
monitoring activities. However, 
security during monitoring phase will 
require cooperation from Pueblo of 
Laguna and BIA to prevent livestock 
grazing on revegetated sites. 

12. Reclamation Completion 

Reclamation will be considered 
complete when revegetated sites reach 
90 percent of the density, frequency, 
foliar cover, basal cover and production 
of undisturbed reference areas (but not 
sooner than 10 years following 
seeding). In addition, gamma radiation 
levels must be no greater than twice 
background over the entire minesite. 
Outdoor radon - 222 concentrations 
must be no greater than 3pCI/1. Radon 
daughter levels (Working Levels) in any 
remaining surface facilities must not 
exceed 0.03WL. 

13. Post-Reclamation Land Uses 

Limited livestock grazing, light 
marufacturing, office space, mining 
and major equipment storage will be 
allowed. Specifically excluded are 
habitation and farming. 
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I. BACKGROlJND AND OVERVIEW 

OAS Systems Corporation (OAS) was tasked by the Pueblo of Laguna to perform an 
independent, third-party review and assessment of the overall conformance of 
reclamation activities carried out at the .lackpile-Paguate Mine (the "sitc") to those 
specific requirements as put forth in the site's 1986 Record of Decision (ROD) 
("Jackpile Paguate Uranium Mine Reclamationl'roject Record olDecision ", U.S. 
Department of the Interior, December 1986). 

The Jaekpile-Paguate Mine was primarily a multiple open-pit (3 pits) uranium mining 
operation devcloped on Pueblo of Laguna lands by the Anaconda Mining Company 
(previously Anaconda Copper Company). In late 1952, Anaconda negotiated 
exploration agreements and mining leases with the Laguna Indian Reservation, and 
mining commenced in 1953 at the Jackpilc opcn pit, with operations subsequently 
expanding to include the North Paguate and South Paguate pit areas. Mined ore was 
transported approximately forty miles northwest to Anaconda's Bluewater Mill 
(northwest of Grants). In addition to open pit mining of uranium ore, Anaconda also 
conducted limited underground dcvelopmcnt and, circa 1969-70, pilot-scale applications 
of in situ uranium leaching utilizing sulfuric acid. At one time. the Jackpile-Paguate 
Mine was the largest open-pit uranium mine in the world. It produced 24 million tons of 
uranium ore. Four hundred million tons of rock was moved during the mining 
operation. Approximately 3,000 acres ofthc 7,000 acres leased were disturbed. 
Approximatc1y 2,700 acres were reclaimed. Mining at the Jackpile-Paguate Minc was 
terminated in 1982 due to depressed uranium prices. Reclamation of the mine site 
commenced in 1990. Features such as roads, rivers, fence lines, dumps and monitoring 
points were added to a 2003 aerial photograph and a 1995 topographic base map to 
create Exhibits 1 and 2, respectively. These exhibits will be referenced frequently in this 
report. 

II. RECORD OF DECISION REQUIREMENTS 

The need for reclamation of the mine was identified in the ".lackpile-l'aguate Uranium 
Mine Reclamationl'roject Final Environmental Impact Statement ", Volumes 1 and 2 
(FEIS), completed in Oetoberl986. The subsequent "Jackpile-l'aguate Uranium Mine 
Reclamation Project Record oj Decision "(the ROD) was jointly issued by the U.S. 
Department oflnterior's Bureau of Land Management (BLM) and the Bureau oflndian 
Affairs (BIA), respectively, in December 1986. The ROD evolved primarily from 
analyses and findings detailed within the October 31, 1986 FEIS fClr the site, as prepared 
by BLM and BIA and filed with the U.S. Environmental Protection Agency (EPA). 
However, consideration of public comment and subsequent technical discussion and 
analyses among BLM and BIA specialists also contributed to defining the "preferred 
alternative" (and subsequently, the ROD). As a result, the ROD-specified "preferred 
alternative" represented a combination of reclamation procedures that best reflected or 
achieved the intent of the ROD "Decision Factors", more appropriately described as site 
reclamation objectives. The Decision Factors, in order of importance, were stated in the 
ROD to include the following: 
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• Ensure human health and safety; 
• Reduce the releases of radioactive clements and radionuclei to as low as 

reasonably achievable: 
• Ensure the integrity of all existing culturaL religious, and archeological sitcs; 
• Return the vegetative cover to a productive condition comparable to the 

surrounding area; 
• Provide for additional land uses that are compatible with other reclamation 

objectives and that arc desired by the Pueblo of Laguna; 
• Eliminate the need f(lI' post-reclamation maintenance; 
• Blend the visual characteristics of the mine site with the surrounding terrain; and, 
• Employ the Laguna people in efforts that afford them opportunities to utiliz.e 

their skills or train them as appropriate, 

In general, the "preferred alternative" reclamation plan incorporated the following 
components: (i) backfllling of open pit arcas to at least ten feet above projected 
groundwater recovery levels using protore and waste rock dump material:. (ii) slope 
reduction on the upper fifteen feet of pit highwall slopes; (iii) recontouring and covering 
of remaining waste rock dumps; (iv) completion of arroyo drainage improvements and 
erosion controls; (v) decontamination of those structures to remain, and 
removal/disposal of all non-essential structures; (vi) plugging and bulkhcading of 
underground ventilation raises and decline portals, respectively; (vii) reclamation of 
miscellaneous features such as wells, access roads, rail spur, drill holes, etc.; (viii) site 
widc rcvegetation of disturbed areas; and, (ix) provision of site security and long-term 
monitoring of reclamation success for a period of not less than ten years. 

Following successful negotiation of agreements with the Anaconda Mining Company 
(the prior operator ofthc Jackpile-Paguate Mine) and the U.S. Department ofInterior, 
Bureau oflndian AfLlirs (as Trustee), the Pueblo of Laguna aceeptcd the terms and 
conditions as described in thc "Cooperatil'e Agreement Pursuant to "638 ". adopted on 
March 24, 1987, to Perform the Management, Coordination. and Administration of the 
Jackpile-Paguatc Reclamation Project on the Laguna Indian Reservation, Cibola County. 
New Mexico ("Pueblo of Lag un II, Reclamation Project Agreements, Section 3-
Cooperative Agreement between the Bureau o/1ndian "1ffclirs and the Pueblo of 
Laguna" [Cooperative Agreement Pursuant to "638"], December 5, 1986. Thus, the 
Pueblo of L.aguna was authorized to conduct all aspects of site reclamation at the 
Jackpile-Paguate Mine. 

The Board of Directors f(lr Laguna Construction Company (LCC) was established in 
June J 988 to reclaim the Jackpile Mine. Omcers and key personncl were hired in late 
J 988 through early J 989. Approximately 10 million dollars worth of equipment was 
purchased for the project. The Jackpile reclamation bcgan on August J 5, 1989 and 
complcted on December 31, 1995, one year ahead of schedule at a cost of approximately 
45 million dollars. 

As described above, the ROD prescribcd specific actions to be carried out with respect 
to the various mine features. These actions were to be followed by site-wide 

2 
OA S)'sfellls Corpora/ion Septemher 2007 



0500013

Jackpile-Paglfote Uranium ,Hille 
Record o[Decision Comoliance Assessment _____ • ___ • __ ••• ~_~_~_ ••• _."~ ___ •••• ~ __ ._. ___ ~~_ ... ___ • _________ ~~_~._~ __ ~_~ _________ - ______ 0 ____ -

revegetation of disturbed areas. Under the terms in the ROD, Section 12, Reclamation 
Completion, reclamation is to be considered complete when "revegetated sites reach 90 
percent oj'the density. ji-equency./iJliar COl'er. basal COl'er. and production ol 
undisturbed reference areas (but not sooner than 10 years/iJllowing seeding). In 
addition. gamma radiation Ie \'CIs lI1ust be no greater than twice hackground Ol'er the 
entire mine site. Outdoor radon-222 concentrations must be no greater than 3 pico 
CurieS/liter. Radon daughter levels (i. e .. working lel'els or "TYL "J in any remaining 
surfclce/iICilities 111 list not exceed IJ. UIJ3WL." 

III. OAS APPROACH 

Since there was no formal regulatory reporting during the reclamation and post-closure 
monitoring period. the first OAS endeavor was to assess and organize available data on 
the reclamation and monitoring activities. This was done by an initial site visit to the 
Laguna Pueblo to: 

• meet with the Pueblo representatives; Governor Roland Johnson, Chief of 
Operations Jim HoopeL and Environmental Manager Barbara Cywinska­
Bernaeik to formalize the scope of the project; 

• meet with Jaekpilc ~- Paguate Mine Reclamation Project participants: BIA - AI 
Sedik and Laguna - Marvin Sarracino; 

• review the available project documents; and 

• tour the project site. 

Prior to the meeting, OAS developed a matrix of ROD requirements versus likely data 
sources (Appendix A, Table A-I). Many of these sources proved to be unavailable. The 
Laguna Construction Company (LCC) organized its documentation around construction 
activities and work unit closeouts in order to justify progress payments. Without 
required periodic regulatory reporting requirements. there was no impetus to organize 
documentation around environmental requirements outlined in the ROD. Although, the 
Jacobs Engineering Group, Inc., "Jackpile Project. Final Environmental Monitoring 
Plan ", August 1989 (Jacobs Environmental Monitoring Plan) provided for annual 
Environmental Reporting, only a single annual report (1996) was found (Pueblo of 
Laguna, Reclamation Project Manager, "Jackpile Reclamation Project. Pueblo ol 
Laguna. New Mexico. Annual Report ", 1996). Likewise, only a single quarterly reJlort 
was located ("Jackpile Reclamation Project, Pueblo oj'Laguna, New Mexico, 
Environmental Monitoring and RegulatolY Compliance, Statlls Report No. 21J ", 
December, I 994-February, 1995). A tactical modification was made to try to piece 
compliance through other sources that included raw lab and field data, construction 
work unit reports and letter authorizations, field inspections and photographs, and verbal 
testaments of activities by project personnel. 
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SUBSTANTIATING ROD COMPLIANCE 

PRIMARY - (1) Review Field and Lab Data 

1 
PRIMARY - (2) Review Documents (Letters, 

Monthly Reports, and other Reports) 

t 
SECONDARY - (3) Check Work Unit Sign-offs 

and Approved Expenditures 

1 
SECONDARY - (4) Review Photographs 

(Aerials and others) 

t 
TERTIARY - (5) Gather Statements from 

Project Professionals 

As with most construction projects, a work breakout schedule was established, which 
quantified construction activities, There were approximately 300 work items tracked. 
Physical locations that were called out one way in the EIS and ROD were broken down 
into sub areas and renamed to match the Reclamation Project work brcakout. OAS 
reviewed the EIS maps and compared thosc to the maps within the Project Status Report 
and devised a comparative table to identif'y work areas to EIS designated areas 
(Appendix A, Table A-2). OAS also generated a matrix that relates the work units to the 
ROD areas (Appendix A, ·fable A-3). 

The monthly reclamation Projcct Status Reports were submilled to the POL throughout 
the reclamation period. Therc arc 71 Projeet Status Reports, which are organized around 
work items. These reports containcd maps of' various work areas, pcrcent complction 
within the work areas, photos of' noteworthy activities, problems identilied, change 
orders, and work item closeouts. 

There arc discussions within the Project Status Reports of'design changes and variations 
that "meet the intent o/the ROD". These are generally in the form of letters of 
transference of' a design change or discussion forwarded to the BIA and POL for review 
or approval. The design packages that were actually submitted were not allached to the 
Project Status Reporls lhat OAS rcccived. When a reference to a letter of approval was 
discussed in the Project Status Report, it was impossible to link that acceptance to a 
specific design ehange. There were no letters available with attachments thal stated that 
there was a deviation liOln the ROD requirement and delineating the accepted change 
with a three party signature. The Change Orders listed were for quantity changes that 
alTeeted the contract price. 
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As each work item was completed, field inspections by the three agencies (Pueblo of 
Laguna, Bureau of Indian Affairs, and Laguna Construction Company) were conducted 
and all three agencies signed off on each work item, signifying agrcement with the 
manner of the work, completeness of the work and payment approval. This is the only 
jcmnal documentation of approvals of work that could be found. Pueblo of Laguna, 
"Jackl'ile RecIc1l71O/ionl'rojec/, Pueblo oj'Laguna, New Mexico ", Volume I of2-
Completed Work Packages, 1989-1991, contains the signoff forms li'omthe 3 agencies 
approving closeout of a work item and payment approval. Volume 2 of 2 was never 
located, To supplement this document, OAS reviewed eacb Project Status Report and 
logged whether activity took place on that work unit and ifit was listed as closed out. 
The matrix tracking the work unit progress is presented in Appendix A, Tablc A-4, This 
table is used to indicate the approval of the work by the three agencies, each of who had 
a field inspector. Absent more direct documentation, OAS has used the Project Status 
Report summaries to indicate that the parties involved signed off on the work as either 
conforming to the requirements of the ROD or an authorized deviation from the ROD. 

IV. ROD COMPLIANCE 

Most current RODs arc prepared in a manner that specifics certain environmental 
criteria that must be met, but do not specify the methods required to meet the 
environmental goals, The Jackpile ROD was written in a ditTerent manncr in that it 
spccilied certain engineering approaches that were to be initiated during reclamation, 
which would meet the goal of stability and the protection of human and animal health 
and safety rather than specifying environmental compliance thresholds, Consequently, 
there were some dif1iculties in determining if compliance with the ROD items was met. 
There were instances in which the letter of the ROD was met but the intent was not met. 
Conversely. there were cases in which the letter of the ROD was not met, but the intent 
or goal of the ROD was mel. 

For an example of the lirst instance, the ROD specified that an erosion control structure 
was to be installed along the Rio Moquino, The structure was installed as required, but 
the bank below the toe of the waste pile is eroding in spite of the control structure, If the 
erosion continues, the waste pile could be compromised at some time in the future, 
which is contrary to the intent of the ROD, 

There are also a eouple of examples that were evaluated in which the prescribed 
engineering design was not performed. but in which the goal of the ROD was met. The 
jirst involved an area on the Rio Moquino where a structure designed to prevent 
headcutting was not installed, but the in situ sandstone formation prevented further 
erosion. A second instance where the letter of the ROD was not jc)lIowed but the intent 
was met, was where a gabion drop structure was to be installed on the Rio Moquino at a 
road crossing. The Rio Moquino washed out of its old channel and the rivers' new 
channel does not require an erosion control structure to prevent exposure of the waste 
pile, 
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In general. the purpose of the OAS evaluation of whether the approach to each ROD 
itcm was compliant or non-compliant. was to detcrmine whether the intent of the ROD 
was met rather than thc letter of the ROD. 

In this section, the ROD is examined point by point fClr compliance. Wherc there is 
direct proof of compliance it is presented and referenced. Where there is deviation fhlm 
the ROD, justification is presented whcre there is authorization documented or implied 
through contractual signoffs. If there appear to be unauthorized deviations, then 
discussions present potcntial impacts of the deviation. 

It should be noted that the Reclamation Team recognized that strict compliancc to the 
Ictter of the ROD was not anticipated, as reflected in the following fi-om a May';. 1990 
summary of recommendations that were forwarded to the POL Council and BIA fClr 
approval. ("Jackpile Reclamation Project. Final Design Recommendations/hr BIA 
Approval ", May 9, 1990, pg 2, ,: 4). 

'"These items are felt to he within the ",Ipirit" ol/he ROD and consistent with the 
Decision Factors (Page 3 olthe RODj but may not necessari~)I be to the "Ieller" ol 
some ojthe ,Ipeei/ies in the ROD Measures. However, enough nell' infimnation has 
hecome amilable to the re,ll'onsible parties on the Project (fi'om late 1989 to the 
present) which have identified opportunities to heller meet the longer term goals and 
ohjeetives in a more cost-effective way utilizing current industrypraet;ce. Many olt!Je 
design condirions have changed since the early and mid- I 980 ',I': field conditions at the 
Jackpile site h",'e been identified which make compliance \1'ith the "Ieller" ojthe ROD 
1'irtually unachievable il1 some cases ol1dfinancially burdensome to the POL il1 others, " 

ROD Requirements 
The ROD requirements arc presented in Bold Italics, 

1. PIT BOTTOMS 

A. BackOIl Levels: 

I. Pits will remain as closed basins. Pit bottoms will be backfilled to at least 
10 feet above the Dames and Moore (1983) projected grol/lul water 
recove/}' levels as indicated below. A schematic diagram is shown ill the 
FEIS, Appendix A (Figure A-I, DOl Proposal): 

Pit: 
Jackpi/e 41 
North Paguate 20 
South Paguate 34 
South Paguate 35 

Proposed Minimum BllckOIl Level: 
5,939 ft. IImsl 
5,958 ft. amsl 
5,995 ft. IImsl 
6,060 ft. amsl 

The minimum back fill levels can be confirmed by the survey data presented for 
ground elevations at the pit wells, The LCC provided the following survey 
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information for the monitoring wells installed in the North and South Paguate 
Open Pits. Additional wells were installed in the Jackpile Pit in April 2007. 

Table 1 
Monitor Well Survey Information 

Based on these provided surveyed finish grade ground elevations at the 
monitoring wells in the Paguate pits, the elevations match or excced the 
minimum elevations proposed by Dames & Moore in the ROD. 

Conclusions - All monitoring well installation indicate that the minimum 
finished grades were achieved. 

Recommendations - Based on the fact that backfill elevations in all cases Illet or 
exceed the minimum proposed backfillievel(s), tbe ROD objective has becn 
achieved. 

2. A groundwater recovel:V level monitoring program will be implemented. 
Additional backfill will be added as neces.\·m)' to cOlltrol ponded water. TIle 
duration of tile monitoring program will be a minimum of 10 years, 

This itcm requires that monitoring be performed to assure that the ROD 
projections were accurate in predicting groundwater elevation recovery levels. 
There were only four years of groundwater elevation data jllUnd ill!" the North 
and South Paguate Pit Wells. The Jackpile wells were installed in April 2007 
and sampling for 2007 indicates all pit wells, except NP-OP-20W, met the 10-
foot separation required in the ROD. The NP-OP-20W well was found to have a 
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groundwater elevation of less than five feet consistently, as indicated in bold in 
the fllllowing table. 

Table 2 
Groundwater Elevations in Pits 

Discussion - From the OAS site inspection, there is a permanent pond/wetland 
area in the North Paguate pit. A photograph of this ponded area is found in 
Appendix 13, Photo 13- I. This photo contains the NP-OP-20W well shown ncar 
the ponded area. The water table elevation orthat well is not compliant with the 
ROD. The ponding is also evidenced by aerial photos (Appcndix E) and 
established wetland vcgetation species. Although, the Jacobs Environmcntal 
Monitoring Plan rcquired that all ponded water within the pits be monitored 
annually for chemical constituents, there was no water quality data f(lr this 
ponded area. A sample was collected from the NP Pond in 20D7 which indicates 
elevated concentrations of radiologicals. These results arc discussed in Section 
la-Monitoring. Additional sampling and assessment of this situation will be 
needed to draw conclusions on the risk to humans, wildlife or domestic stock. 

2006 was a very wet year with significant standing water in all three pits for 
most of the summer's duration. 

Conclusions - Based on the fact that there is little elevation data where ten years 
of data are required and only one sample of the ponded water, accordingly, this 
aspect of site reclamation is considered nOli-compliant with the requirements of 
the ROD. 
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Recommendations -
• During preparation of this report, OAS made the recommcndation that the 

two wells required by the ROD should be installed in thc .Iackpile Pit. This 
was done in April 2007 

• Water table elevations should be monitored over a number of years to 
determine ifthc levels have stabilized, or arc increasing or declining in order 
to evaluate whether the 1 O-foot below surfilce requirement is being met. 

• Ponded water, wherever found within the pits, should be collected for 
chemical and radiological analysis. 

-fhese data can then be used to assess the risk of ponded water. The data can 
then be analyzed to determine if the water is groundwater or surface water and 
whether the chemical constituents or radiologicallcvels present a threat to 
wildlife, domestic stock, or humans. As wetland areas are diverse ecosystems 
that are widely valued, it may be prudent to leave the North Paguate area as a 
wetland if the risk analysis so justilles. If chemical or radiological analysis 
indicates an unacceptable risk, then the ROD requirement to add additional illl to 
low areas would be warranted. 

B. Backfil/ Materia/s: 

BacViII materials will consist o/protol'e, wa.lie dUl11ps Hand J, and excess 
materia/ obtainedft'ol1l waste dump res/oping and streal1l channel clearing. 
These materials will be covered with 3feet %l'erburdenllnd 2feet oftopsoi/ 
(i.e. Tres lJerl1l11110S Sandstone or a//uvill/ material). 

Waste Dumps 11 and .I were not moved into the pits. Per M. Sarracino, their 
volumes were not required and the distance to move them was deemed 
prohibitive. Waste Piles II and .I were sloped/terraced/seeded. Photos B-2 and 
B-3 show stable, vegetated waste piles II and .I, respectively. 

Project Status Reports document protore movements in the North Paguate, 
(Report No. 20), South Paguate (Report No. 26) and Jaekpile (Report No. 43) 
Pits. 

Activity eodes in group 2E I were authorized for payment for backllllmovement. 
'fable A-3, Appendix A, delineates which protore and waste piles were at1iliatcd 
with which work units. Based on the Project Status Reports, backiilling took 
place in the following time 11-ames: 

Jackpile Pit 
North Paguate Pit 
South Paguate Pit 

May 1991 through December 1994 
November 1991 through April 1991 
September 1990 through September 1991 

There werc approved design changes for required cover depths that are described 
later in Section 3c. 
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Conclusions - Although. Dumps Hand J were not moved. there appears to be 
substantial compliance to the ROD. There was suflieient baekfillmaterial in 
proximity to the pits that Dumps II and J volumes were. in fact, not needed. The 
cover, slopes, and vegetation on lhese waste piles appear 10 be stable. 

Recommendlltions - No further activities are recommended at this time. 

C. Stabilization: 

All backfill slopes will be reduced to no greater titan 3: 1 (horizontal to 
vertical). SUlface water control berms will be constructed witllin pit bottoms to 
reduce erosion and retain soilmoistllrefor plant growth. Swjilce rllll(!f{will 
also he directed to small retention basins in the pit bottoms. All areas in the 
pits will then undergo sUlface shaping, topsoil application, and seeding as 
outlined under "Revegetatiol1ll1ethods" below. 

1. Sloping 

Project Status Report No. 11. dated June 1990. included remarks relating to 
changes in the sloping requiremcnts listed in thc ROD. This includes summary 
milestones (Section 2.4 MILESTONES): 

"Michael Bone, P.E. olRoy F Weslon, Inc. submilled Ihe/inal design aileria 
.fbI' slope heigh/.I·, leng/hs, and lerracing .lpecific(1lions. " 

"WaleI' Mills (A cling Assi. Secrelmy, Bureau oj1ndian AI/rlirs, Washing/on. 
D.C.).fimnally approved Ihe design changes suhmilled 10 George Farris in 
MI(Y 199IJ. i71ese design changes will he incO/jJoraled inlo alljillure 
planning e[fiJrls. " 

Project Status Report No. 11 also contains a mcmorandum (attachment) received 
June 12, 1990 ii'om Acting Assistant Director of Indian AiTairs, Walter Mills 
approving the design changes (pg 2. 'i 2 & 3): 

"On May 15, 1990, a nell' reclamalion design crileria was presenled by 
LandmarklVVeslonfin' B1A approval. This design crileria is imporlanl in Ihal il 
sels hasic design crileria while allowing.fiJr IheflexibililY necesswy/iJr Ihe LCC' 
and I he Bureau 10 make some decisions on a case-by-case basis. The re-design 
will also eliminale Ihe long slopes Ihal are now required and al Ihe same lime 
result in a more s/able slope design. This will also allow Ihe projec/ 10 blend 
more aeslhelically wilh Ihe surrounding lopography. 

Because we view this as an improvement on/he existing design, J herehy approl'e 
Ihe crileria setjiJrlh hy Landmark/Weslon on May 15. Illhere lire any queslions 
or i(you needjilrlher assislonce on Ihis maller, please contact )\11'. George R. 
Farris al F7~<; 268-4791." 
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Conclusions - There appears to be non-compliance to the letter of the ROD 
requirements in regard to the sloping. But many deviations were approved. It is 
difficult to determine pile by pile what exactly was done according to the ROD 
3: I sloping requirement and/or in accordance with the approved changes. In the 
OAS site inspection, there were no observed problems with the slope grades. 
Although there arc deviations to the ROD, they appear to have met the intent of 
the ROD. 

Some of the long runs of the terracing do appear to cause chronic blow-outs in 
some areas due to the pressure head of water building up along the terrace berm. 
The terracing problem is furthcr discusscd in Section 3e of this report. 

Recommendations - There are no corrcctive actions recommended 

2. Pit Berms and Retention Ponds 

After reclamation was complete, the pit bottoms were contoured and there is no 
evidence that berms or retention ponds were installed. Therefore, it is unknown 
if that was done during reclamation. 

Conclusions - The pit berms and retention ponds arc not believed to be a 
concern for post closure health and environmental risks. 

Recommendations - No further activities are recommended. 

D. Post-Reclamation Access: 

Iluman and animal access to pit bottoms will be prevented with the use of 
sheep-proof fencing due to the uncertainties of predicting radionuclide and 
helll:V metal uptake into plants (forage). 

The reclamation construction specillcations (Jacobs Engineering Group, Inc., 
"Jackpile Project, Conslruclion SjJecificalions", August 1989) detailed a 
different type offencing: four strand barbed wire, as shown in the project 
specifications. (Division 2, Sitework, Section 02833, Fences and Gates, pg. 2-36) 

"2.1 MATERIALS 

A. Reusable l11alerials salvaf',ed/i'ol11 demolilion work .Ipeci/ied il1 Seclion 
02060 shall be ulilized, Ii! Ihe exlenll'racrical. in Ihe conslrucrion of Ihe 
fi!nce and gales .Ipecified in Ihis seclion. 

IJ. Fencinf', shall include poslS, barbed wire, and all appurlenances and 
accessories requiredfi)r complele inslallalion. 

C. Barbed wire shall confimn 10 Ihe reqlliremenls ofASTA1 A /21, and shall 
consisl offiiUr lines of double slranded 12 'h-gaf',e galvanized wire wilh 
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eilher 2-poinl or 4-point barbs .IJ)(/ced al 5-inch interl'als. Galvanizing 
shall he Class 3. 

D. Line post shall he gall'al1ized lee. channel. or U-bar shapes. 1.33 pounds 
perfhot. 

E Braces shall be 9-gage wire. twisted to tighten. 

F End. corner. and puil posts shall be 2-inch Schedule 40 galvanized steel 
pipe. or gal\'Clnized steel angle section 2 :;, x 2 :;, x % inches. 

U Hardware for connecting members shall confimn to commercial 
standards. " 

The fencing installed appcars to be on the perimcter ofthc mine site rather than 
the pit bottoms. The fencing is the four strand barbed wire rather than the shecp­
prooffencing called for in the ROD. Photo BA in Appendix B, is a photo taken 
of the fencing as it was installed in September 1990. 

Based on Project Status Report No. 32, March 1992, and sightings during 
inspections of the site in 2006, there appears to be ongoing problems with cattle 
and horses entering the mine site in general, and the Jackpilc pit bottom in 
particular. 'fhe existing fencing does not impede access of domesticated or wild 
animals. 

The OAS 2006 report "Jackpile-Paguale Uranium Mine Post-Reclamation. Soils 
und Plant Uptake Analysis" concludes that vegetation growing on the reclaimed 
mine presents a minimal potential for hazards to domestic livestock or human 
health due to the low or normal concentrations of metals and radionuclides. 

Based on sampling of the monitoring wells in the North Paguate and South 
Paguate pits, and the newly installed Jackpile wells, there arc very high 
concentrations of radionuclides in the groundwater. Similarly, the 2007 
sampling of the NP Pond indicates high concentrations of radio logica Is in that 
surface water feature, which is readily accessible to grazing animals. Limited 
well construction information or water table elevation data were available, so 
conclusions cannot be drawn as to whether the water is surface water in origin, 
perched water, or true groundwater. Further investigation is necessary to 
determine the risk involved liOln access by humans or animals. 

Conclusions - There appears to be substantial non-compliance with both the 
letter and intent of this Rod requirement. The fencing is clearly inadequate to 
prevent grazing. Installation of the perimeter fencing was approved in 1989. 
The perimeter fencing cannot be removed and should be maintained. One or two 
additional sampling events need to be conducted in the North Paguate pit. 
Additional backfilling or permanent fence installation at North Paguate may be 
required based on those sampling events. 
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Recommendations - Additional monitoring and risk assessment is required to 
determine if there is any potential for impairment to the natural resources (both 
water and vegctation) that are needed for grazing domcstic animals and wildlife. 
Pit bottoms nced to bc fcnecd until a recommend cd risk assessment is complcted. 

2. PIT HIGHWALLS 

A. jackpile Pit Higlrwal/: 

Tire top 15 feet of Iriglrwal/ will be cut to a 45-degree slope. Al/ soil and 
unconsolidated material at tlte top oftlte Itigltwal/will be sloped 3:1. Tire 
Itigillvall wil/ be scaled to remove loose debris. 

B. Nortlt Paguate Pit Highwal/: 

Tire top 15 feet of highwal/ will be cut to a 45-degree slope. All soil and 
unconsolidated material at tire top of the Iriglrwal/ will be sloped 3: I. The 
high wall wi/l be scaled to remove loose debris. Additional/y, the higlrwa/l wi/I 
be fenced with 6-foot chain link. 

C. Soutll Paguate Pit Highwa/l: 

The top 15feet of highwal/ will be cut to a 45-degree slope. AI/ soil and 
unconsolidated fIIaterial at the top of the highwa/l will be sloped 3: 1. The 
highll'a/l will be scaled (() remove loose debris. Additional(v, the highwal/ will 
be fenced with 6-foot c//{/inlink. 

The Jacobs Environmental Monitoring Plan states that blasting to reduce 
highwall slopes will be considcrcd "OPTIONAL" work package items depcndent 
on funding and POL desires. 

Work on the highwalls start cd with thc highwalls of the South Paguate Pit. 
Thcrc wcrc objections to the blasting fi·om thc Paguate Village. Project Status 
Report No.9, April 1990, references a Seismic Study and Project Status Report 
No. II, Junc 1990, a Blast Study documenting damage too many of the buildings 
in the Villagc. Photos B-S, 13-6, and 13-7 in Appendix 13, show present day 
conditions of scveral of the highwalls. 

There is a two page documcnt cntitled "Jackpile Reclamation Project, Final 
Design Recommendations/hr BfA Approval" datcd May 9,1990, which 
summarizcs several dcsign variations. A signed copy of approvals and 
authorizations was not found. The following excerpt relates to the highwalls (pg. 
2, ~ I). 

'"7) Some highwalltrimming and scaling is seen as unnecesswy and 
infeasihle in some cases due to natural staiJiIi::ation along alluvial material 
(mostly in the South Paguate-west end) and lack of safe access (places to 
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sq/ely silua/e hem:)' equil'menl}. Along Ihe Jockpile pil ('resl on G(I1'ilall 
A1esa (where Ihe presence oj'exlremely compelent li'cs Hermanos Sandstone 
has showed no l'isihie weathering or hazardous conditio!1.l) the trimming 
requirement would require blasting BiasI ing has already had to he used to 
stabilize a portion oj'the South Paguote pit, hut o/Jjeclionsji'om the Puehio 
on tlie use olblosting have precluded anyfii/ure use olitfiJr trimming 01' 

scaling '.' 

A memorandum dated April 23,1991 from .I.!! Olsen, .11'. to Governor Harry 
Early documented POL Council approved design changes and recommended 
forwarding description of changes to the BIA for approval. A signed copy of the 
approvals and authorizations was not found. One of the changes was to abandon 
the highwalls and allow them to erode naturally. The following is the relevant 
excerpt from the 199 J memorandum, ("Pueblo olLaglino COllncil, Reclamation 
Project Issues", April 23, 1991, pg. 3, ~[2) 

e) HIGI!WALL TRIMMJNG & ,C,'CALll>iG 

Evolualiol1 olthe highwailirirnming and scaling requirement has 
prompted questioning oj'its need and value. Operationally, the activities are 
extremely di(licull II! achieve because ojinaccessibility and risk 10 equipmenl 
operators. E'l'erience wilh drilling and blasting techniques in the .Ipring, 
J990 proved objectionable due 10 Ihe potential biasl damage in Paguate. 
(Many highwalls could only be trimmed and scaled with blasting techniques 
due to Ihe presence oj11Ord sandstone materials on the highwall crests ond 
the danger olputting hemy equipment next to the edges.) Scaling probably 
loosens uJ) more materiallhan il efffctively removes. 7i'imming oj'rhe crests 
would also enhance erosion since runo(!,would have more surjclce area on 
which to collect and run olT It is recommended Ihol trimming and scaling 
requirements he su.lpended since it isjudged that, over time, the higlJl1'alls 
will revert 10 a slahie state much {he same as natural mesas adjacent 10 the 
sile which are composed oj'the same geologic materials. As mel1lioned. 
drilling and blasting is the only way to trim and scale some highwalls and the 
hlast damage to structures inl'aguate could actually aggra1'Clte the prohlem 
experiencedji'om the elC'live mining area. The umpcntjimdsfi'ol11 this 
activily could be used to help repairing already-identijied damage. " 

Work Units covering the trim and scaling of high walls arc 2E5. All work on 
these activities ceased in December 1991. 

Four-foot high chain link fence was installed in the South Paguate area that was 
blasted. No fencing was observed in any other highwall areas. 

Conclusions - This aspect of site reclamation is considercd compliant with the 
desires of the Pueblo of Laguna and the deviation fi'om the ROD requirements is 
well substantiated with the results ofthe blast studies, The Jacobs 
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Environmental Monitoring Plan listed this approach as an optioi) that could be 
based on the wishes of the Pueblo of Laguna. 

Recommendations - A field asscssment of the highwalls and Old Highway 279 
should be made periodically to make sure that the highwalls do not comprise a 
threat to normal Pueblo of Laguna activities, or if additional fencing or othcr 
corrective measures are required during the erosion process. If significant ha/ard 
potential is present, other means of slope reduction should be evaluated, such as 
ripping, or alternatively, localized benning or other protective measures may be 
warranted. The south-facing wall at the North Paguate pit also needs to be 
periodically assessed to assure that it is eroding sufficiently to cover the exposed 
Jaekpilc Sandstone, as planncd. 

3. WASTE DUMPS 

a. Waste dUlIlps II and J will be relocated to Jackpi/e pit as backfill. 

As discussed in ROD Requirement C above, Waste Dumps II and J were not movcd 
into the pits. Their volumes were not required and the distance to move them was 
deemed prohibitive. Waste Piles II and J were successfully sloped, terraced and 
seeded. 

b. Most dump slopes will be reduced to 3: I or less and the dump slopes will be 
contourjilrrowed,. exceptions are noted in Table 1-4 oJthe FEIS. 

As discussed in ROD Requircment C. there are references in sC\'eral Projcct Status 
Reports (Reports No. 1,6,7,9,1 Land 13) regarding variations to 3:1 sloping of 
waste piles. 

A memorandum dated April 23,1991 from .l.I1 Olsen,.lr. to Governor I larry Early 
("Puehlo o/Laglln(l Council. Reclamation Project Issues ". April 23, I 99 I) 
documented POL Council approved design changes and recommended j()!warding 
description of changes to the BIA j()r approval. A signed copy of the approvals and 
authorizations was not found. Some of the changes related to deviations from the 
3: 1 sloping criteria. The following are the relevant excerpts 1\'om that memorandum. 

Jackpilc Area - (pg. 2, ,[ I, 2 & 3) 

"SPECIAL CASE DESiGN NU 2- .JACKPlLE WASTE DW,;/P .JP-WO-03.· This 
dllmp was originally to be sloped al 3: I and placemel1l o/more topsoil over the 
entire area. the top o/Ihis dllmp alrem(v meelS Ihe revegelalion slandards and as 
much as is praclical will be salvaged when Ihe 3: I slope is CUi. Grading 10 help 
channellhe rllnofj"ro eliminale long lam erosion inlhis area will help ils slabilily. 
The revised design cosl is eslimaled al Ihislime 10 be equal 10 Ihe .Jacob '.1' eslimale 
o/S33(}.O(}OjiJr Ihe sloping work. 
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"SPECIAL CASE DESIGV Vo. 3- JACKPILE WASTE DUMP JP-Hc','-I9. 7Ms 
dump, when sloped to 3: I would mow material ofl/he site onto the Cebollel/a Land 
Grant. To al'oid this, the top oj'rhe dlllnp will he moved southward into the Jackpile 
Pitllntil the height is reduced to allow .IiiI' 3: I sloping and keep this material on the 
Project Site. 
Estimated cosl/i)r the sloping work is S5.fO,OOO. 

"SPECIAL CASE DESIGN NO. .f- GAVILAN MESA DUMP JP-WS-IJ!" This dump 
cannot he do::ed to 3: I withollt biasting the existing mesa which is in the backslope. 
No provisions/in' blasting costs and its associated potential shock effixts had been 
made in the original design 7his is the most visible dump on the site and the visual 
characteristics oj'rhefinished slope needed to be considered The recommended 
approach is to cut the top o/'lhe dump down to a level where the natural mesa is 
exposed; this wi!! blend in with the surroundings and the remaining material wi!! be 
sloped down to the 3: I criteria and revegetated Estimated cost at this time is 
judged to equal the Jacobs estimate o/approxilllately S3.f0, 000. " 

South Paguate Area - (pg. 2, ~: 4) 

"SPECIAL CASE DESIGN NO. 5- OAK CANY()!\, WAS7E PILE SP-W()-06: This 
dump is north 0/ the LeC shop area and runs along the north side oj'the Oak 
Canyon Sloping o/this dump to the 3:1 criteria had several difficulties: destroying 
and c01'ering lip the natural conditions in the canyon, upselling the alreac!J'-stabie 
dump by increasing the potentialfi)r water runoff.' original work schedule fi)r this 
effiJrt interfered with the topsoil stockpile removal, and the presence in certain ,Ij)()ts 
o/natural rock outcroppingl' which could not be done with existing equipment, The 
recommended treatment is to leave the dump as is and increase the vegetalive cover 
using hydroseeding techniques, Ilthis operation is not adequate, fiilure sloping and 
additional topsoil placemeJ1l could be done at the POL's direction 
Elimination oj' the sloping/soil cost in the Jacobs estimate is offiet by the 
revegetation expense. " 

Although the letter of the ROD was not met, the approved modilled methods (i.e. 
sloping) appear to have becn put in place successfully, There have been no observed 
problems associated with the modifications that were implemented, 

c. Dumps which have Jackpile Sandstone on their ollter sUlface and any Jackpile 
Sandstone exposed during res/oping will be covered with 3 feet of overburden 
and 18 inches of topsoil. 

The cover requirement for the Jaekpile Sandstone was reduced to a 1 ,O-foot radon 
cover and 1.5 fect of soil by the construction specifications, as shown below. (Jacobs 
Engineering Group, Inc. "Jackpile Project, Construction Specifications ", August 
1989 - Division 2, Sitework, Section 02000, Earthwork, 3,5 Fill Construction, pg, 2-
16) 
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"4. Cover Cons/ruc/ion: 

Jackpile-Pa?,UOle Cranium A1ine 
Hr!:Qtsi.!.d'Declsiol1 Compliance AsseSSlJIl.!(7{ 

a. The COl1frac/or shall place COl'cr ma/erial a/ /he local ions and rela/ed 
/hicknesses sh011'n on the drawings. The requiremen/.I Iis/ed in Tahle I 
shall he./i)II011'ed unless o/henl'ise Sh0l1'l1 onll7e drawings or direc/ed hy 
the Engineer: 

SlIrface Material 
Thicklless 

Mancos Shale 

li'es Iierm(lnos Sandstone 

Alluvium 

.lackpile Sands/one -
Ore Associa/ed Was/e 
(grea/er lI7an 40 percen/ 
0/10101 area·- oll/side of pit) 

.lackpile Sands/one -
Ore Associa/ed Was/e 
(grealer /I7an 40 percen/ 
(f/o/al area inside olpii) 
.lackpile Sands/one 
- Pr%re 
(inside olpii) 

Mixed Malerial 
(.Jackpile Sands/one 

TABLE 1 

less Ihan 40 percen/ 01/0/01 area)" 

c.(l) Shale Cover 

Radon and Soil Covel' 

Soil- 1.5fi. 

"lone required 

.None required 

Radon Cover ···l.O.fi. 
Soil··· 1.5fi. 

Radon Cover- 1.Ofi. 
Soil 2.0fi. 

Radon Cover- I.Ofi. 
Soil 2.0 fi. 

Soil-1.5fi 

The ROD required numerous areas to be covered with a radon barrier of shale prior 
to placement of topsoil. The requirements of the ROD are listed in the following 
table. These areas included both in situ are left un-mined inside the pits and 
locations outside the pit fi-om where protore was moved inside the pit. The 
reclamation team field verified shale layer depths and their measurements are 
summarized below. The field sheets from which these data were summarized arc 
included in files labeled 'Shale Cover Data' in the project electronic library. The list 
was reviewed by M. Sarraeino, and it appears to be comprehensive and the finished 
depths in compliance with the ROD requirements. 
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Table 3 
Shale Layer for Radon Cap, Field Verification Depths 

c.(2j Topsoil 

The ROD required numerous areas to be covered with Top Soil to a specified depth. 
The requirements of the ROD arc listed in the Table 4. The reclamation team field 
verified top soil layer depths and their measurements arc summarized below. The 
field sheets fi'om which these data were summarized arc included in files labeled 
'Soil Cover Data' in the project electronic library. 

Four categories of areas are listed in Table 4: 

l.j MaDco~ Shalf - Areas with the letter "s" opposite them are areas that served as 
sources of shale for radon barrier material. After the material for cover was 
removed these required IS" inches of topsoil according to the ROD. This appears 
to have been confirmed. 

2.) JSS-Ore Inside Pit- These are areas of in situ un-mined Ore inside the pit which 
was covered with shale in an earlier step and required 24" of topsoil according to 
the ROD. There appears to be a deviation from the ROD and a targeted depth of 
18 inches of topsoil fe)r this category. It is unclear if this is a documented 
approved change in requirements. 

3.) Protore - Protore stockpiles were placed into the pit and their locations 
documented for potential future usc. These areas like the un-mined ore required 
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24 inches of topsoil on top of the shale radon barrier. There appears to be a 
deviation fro 111 the ROD and a targeted depth of 18 inches of topsoil for this 
category. Again, it is unclear if this is a documented approved change in 
req uircments. 

4.) Mixed Material -- These areas arc waste piles outside the pit that were 
sloped/eontourcd and covcred with 18 inches of material. This is in accordance 
with the ROD and the depths were confirmed. Within the fourth category is a 
top soil source area marked '·r'. 'fhis was an area where topsoil was mined jelr 
cover. It is an area that should requirc no cover and not be covered by the ROD. 

! 

!Np·D·2&3 
1----..--
INP.D4. NP·PS· i 3 

OA S)'stems Corporation 

Table 4 
Top Soil Laycl', Field Vcrification Depths 

10.6 
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The topsoil covers were placed on sloped and contoured surfaccs and then seeded, 
The target cover depth for all areas appears to have been 18 inches and 18 inches 
were achieved The targct ofless than 2 timcs background (with background 14 
mR/h) appears to have been achieved in areas where it was monitored. 

d. Berms will he installed on all d/lmp crests to control erosion. All dump tops 
will slope sliglzt~)I away from their outer slopes. Dump slopes will he contoured 
so their toes are convex to prevent/ormation 0/ major gullies on slopes. 

Erosion control berms were installed_ As shown in an early photograph hom Project 
Status Report No_ 14, September 1990,_ Figure 6, 13-8 shows the berms as 
constructed and recent OAS 2006 photos 13-9 and 13-10, Appendix 13, indicate that 
they continue to retain precipitation event runoff. 

Discussion - The berms and contouring arc working well except in limited cases 
where the excessive berm length causes too large a buildup of water resulting in 
predictable, chronic blow-out areas_ Photos 13-11 and 13-12, Appendix 13, show areas 
of chronic blowouts. due to watcr build up on long berm runs. 'fhe locations 
presentcd in Table 5 have been observed by M. Sarracino and Laguna Construction 
Company (LeC), to have chronic erosion problems_ Maps indicating these areas arc 
presented in Appendix C (Exhibits 1 and 2)_ 
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Table 5 

Jackpile-Paguule Ural1ium A1ine 
R ~L<;J) /'f:Lfl,l L2.r.;J,· i .1,' i () 11 (. '() I1JJ2li!JLK~lb .. s!Z,\:'iJZlfj.11 

Areas with Chronic Erosion Problems 

[I:QfEti()N~"~:"o~~TQESCRTp;r!5~R='~=:'~~==:~::~-'-~='=~~~"~~~~"'~, '::~~=~11 
i .I ac k p Ii e A rca :l'r~-''-Y~l,-2C_aJ on!Lte..'~:,,~e_s_ a 1. ~~aL()llnd, tra n SI1ion sl)~~~v~"~n ll>le"-~i 
! Area A, [3, FD-3 aloni! terraees aL or around transitions betweel1jlilcs !' 

!' i' A,ea W & V at the draina~ are",,~,ainst natural mesa -------~: 
I
: .I p, WS- 17 . .I P-Wl - 16 Y FD- 1 eli ains along load" ays and drains i 

North Paguate Alea· N2 at east end of drain system I t ______ , ____ ~ __ 3L'Oa. S_c:I~Ji "I, transitL()L1.:s bet.~,-ee'!J'ile~()~_sIOj~es. drams ' ~ ! 
I South Paguate Area sp-WS-20. SP-W'I - 19 aIClIlg slopes and dr"ina~ areas "Jr 
! 1 SP-WS- 17. SP-WS- I3A at drainage area =J'i __ ---- ____________ ----l. ----" r 

i; sr, WS,07 at dl ainage area , , 
L, Q. R. Main Access Road slopes and drainage areas , ",_"',_, ___ ,,_,_-' 

Conclusions - OAS considers the non-use of dumps Hand .J (as backfill) to be a 
non-substantive variance fi'OIn the ROD requirements, given that the features were 
otherwise closed in accordance with specified procedures. Issuance of Construction 
Specifications with alternate cover requirements fi'om the ROD, implies an 
acceptance of those new depths by the relevant parties, However, the benning 
design that was implemented for the reclamation did not perform as expected. The 
areas of chronic erosion blow-outs will be considered non-compliant if radioactive 
material is exposed or RAJ) levels exceed the specified limits. 

Rccommcndations - An evaluation of the chronic blowout areas, to determine if 
solutions can be designed to relieve these continuing maintenance problems, is 
recommended. Erosion should be monitored with appropriate equipment to 
determine ifradiologieal safety is a concern, If the underlying material is non-RAJ) 
emitting, the slopes may be allowed to erode naturally. 

e. Additional sUlface treatment is outlined under "Revegetation Jllethods" below. 
Detailed modifications and treatments are presented in Table /-4 of the FElS. 

Revegetation will be discussed in detail in Section 9 - Revegetation Methods. 

4. PRO TORE STOCKPILE'S 

All protore will be used as backfill material in pit areas. Backfill will be covered 
with 3 feet of overburden and 2feet of Tres Ilermanos Sandstone or alluvial 
material. 

As discussed in section 3c, the cover depths for the protore were revised by the 
construction specifications. The cover requirement for protore was established in the 
specifications, as a I.O-foot radon cover and 2.0 feet of soil. 

Protore was moved under Work Units 2EIN into the North Paguate Pit between 
December 1989 through closeout in April 1991 (Appcndix A, Tables A-3 and AA). 
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The quantities for these movements are listed in Project Status Report No. 20, March 
1991, attachment. 

Protore was moved under Work Unit 2EI S02 into the South Paguate Pit between 
April and May 1991 (Tables A-3 and AA). The quantities for these movements are 
listed in Project Status Report No. ::6, September 1991, attachment. 

Protore was moved under Work Units 2EIJ into the Jackpile Pit between May 1991 
through closeout in April 1993 (Tables A-3 and AA). The quantities fc)r these 
movements are listed in Project Status Report No. 43, February 1993, attachment. 

There are field records available where remediation technicians verified cover depths 
of shale placed on protore arcas and depths of top soil on a variety of areas. These 
are found in the Library under "Shale Cover" and "Top Soil", respectively. Probes 
were used and depths recorded on 100-foot by 100-foot grids. In some cases gamma 
survey results afkr placement of shale, were also available. Those data are 
summarized in Tables 3 and 4 above in section 3c. 

Conclnsions - Whilc the letter of the ROD was not met. the revised shale barrier 
depth was met in all cases tcsted. The top soil cover was less than the revised 24 
inches, but in all cases it was at least 18 inches. The gamma concentration, after 
plaeemcnt of the cover, was helow thc criteria of twice background levels. 

Recommendations - Although the covers did not meet the ROD or the reclamation 
specifications, the covers appear to be adequate for radiation safety concerns. No 
furthcr action is recommcnded. 

5. SITE STABILITY AND DRAINAGE 

A. Stream Stabilitl': 

I. All contaminated soils and fill material witflin 100 feet of tlte Rio Paguate 
west of its confluence witlt tlte Rio Moquino, will be excavated and 
relocated to tlte opell pits. 

There were numerous piles along the Rio Paguate. The fc)llowing charts their 
movement based on work units: 
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Tablc 6 
Movemcnt of Contaminatcd Soils and Fill Material 

r~~~o~~~~~-~~o-----~--~-o~----~~~~-~ __ ~ ___ o __ o __ ~ ___ ~~ __ ~~~________, --- -- --- ----J" 

Ift~£~:'~~=:j--~~~::S{~~~;)~~~:~~!:~~lt::!:~=-=-~=.L-~~=f::~~~:=---li 
I~ic: J NO;;------rr;-1;;~~-I)I-owclii~sp~)_:s-r=-I:c----- --N~:()o---I 
i 2E J N07 Move Protore SP-I-A Nov-90 I 1-- ------------------- ---------- -------------------------------------- --------------- ! 
I 2E I N II Move Protore SI'- J Feb-90 i 
!.~-.~ ... -... ---.---... -.- .--..... ~ ... -----" .. ----.----.-,-.. --.----.-- -.-... -"-.----.-.-----~--" ---~----- i 
, 2E4NOI Contaminated Soils Sep-91 ! 
: 2E4NO I A North Rio Paguate East I Dec-91----ll 
[ 2[4 NoTs---- -North Ri~-i)ag~;~l~\V~-;t----------------]--I)ec:(jl-] 
\,.<-••• -.=-""",.".-,,''''''''''"'' .. "'--='"."".""'-... ==.-.~>-"'-=---'.,..,-'-.=.;". .. =,=,."'"'.-"'-,,"'--~,.=,~."-";,.,."..,.-'-"""'"""-"."'.".~,-.= •. ''','=."''' . .,.-,.''''''"'"'',,,"'', •... ,'=,~,==~.~===----=--~~= .. =" 

Photo 13-14, Appendix 13, shows the area along the Rio Paguate where the piles 
once were. 

Conclusions - The reclamation actions appear to have been compliant with this 
item of the ROD. 

Recommendations - No further activities are recommended. 

2. For tile Rio Moquillo, waste dumps S, T, U, N, alld N2 will be pulled back 
50feetji'om tile cellterlille liftlIe stream clIalll/el. Tile toes oftlIese dumps 
will be armored witlI rip-rap. 

A memorandum (bted April 23, 1991 fl'ol11 lH Olsen, Jr. to Governor Harry 
Early ("Pueblo o/Laguna Council. Reciamalion Project Issues ", April 23. 1991) 
documented POL Council approved design changes and recol11mended 
forwarding descriptions of changes to the I3IA for approval. A signed copy of 
the approvals and authorizations was not found. One of the changes was to 
revise the approach for erosion control along the Rio Moquino. The following is 
the relevant excerpt from that memorandum (pg. 1, ~ 3). 

"SPEClAL CASE DESIGN NO. I-RIO MOQUlNO This case involves 
removing any polenlially conlaminaled malerial wilhin the Rio Moquino area 
which could erode dOl1'nslream. 11 eliminales the need/hI' Ihe re-channelizalion 
and heavy erosion conlrol struclures in the firsl desigl1. A bench will be 
excovaled on Ihe wesl side dump and appropriale erosion conlrols will be placed 
as needed. Hydraulic analysis on Ihe exisling channel was per/imned by Weston 
Engineering as a basis/i)r determining Ihe aclion lakel1. Eslimaled cos I is now 
SI,400,()O() compared ro Ihe SI, 90(),()OO in Ihe Jacob's estimale. " 
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The F)lIowing work units cover the movement of the waste and protore piles 
along the Rio Moquino abovc thc eonnuence and the Rio Moquino Erosion 
Control activities: 

Table 7 
Movement of Waste and Protorc Piles Along the Rio Moquino 

Photos 8-15, 16, and 17, Appendix 8, show an archived POL photo hom 
approximately 1994 and two 2006 photos of the Erosion Control along the Rio 
Moquino. 

Conclusions - The material appears to have been relocated or pulled back and 
armored to the specifications of the ROD and the approved changcs. The 
Landmark/Weston Design, (Landmark Reclamation/Weston, "Jackpile 
Ree/amatiol1 Project. Pueblo olLagul1a. New Mexico. Drafi Special Case 
Designs", Deecmber 1990) with the approved changes, reduced thc rigor of the 
original erosion protection. The approved design was implemented and the letter 
of the ROD was met. However. the intent of the ROD is not being met because 
the design \vas inadequate to prevent erosion of the banks below the toes of the 
waste piles. 

However. significant erosion has taken place in the past 12 years. If erosion 
continues at the same rate, there is serious potential illr exposure of waste or 
contaminated soil at the toes of Piles S, T, U, N, and N2. In view of the nlet that 
a less rigorous redesign was approved after the ROD, this unexpected erosion is 
a problem. If the erosion continues, waste material will be exposed creating the 
potential risk of human and wildlife exposure to unknown hazards, and a threat 
to the water quality of the Rio Moquino. 

Rrcommcndations - A more thorough inspection and hydraulic analysis and 
erosion study needs to be periclrmed to determine if additional erosion protection 
is needed along the Rio Moquino above the confluence. A control structure on 
the Rio Moquino above the Pueblo of Laguna section may also be considered. 

3. A concrete drop structure will be constructed ac/'Os.\' tile Rio Moquino 
approximately 400 feet above tlte confluence with tlte Rio Paguate, 

There was a six-ic)ot drop at the main Jackpile haul road crossing of the Rio 
Moquino. A control structure was planned and included in the ROD. A nood 
occurred in July 1993 and is documented in Project Status Report No. 48, July 
1993. There were no photos of the roadway crossing washout presented in that 
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J110nthly report. The local USC,S gauging station was washed out with the flood 
so the precise size of the storm was not recorded. It is estimated to have been 
greater than a I OO-year flood. 'rhe flood washed out the crossing and the route 
was abandoned. This is documented in Project Status Report No. 48. The access 
route to the Jackpile site was re-routed to a low water crossing southwest of the 
Jackpile, which is currently used. Since the old crossing is no longer used there 
is no necd to place a drop structure. 

Photo 13-18, Appendix 13, is a 2006 OAS photo of the Rio Moquino at thc former 
road crossing. Aerial photographs wcre reviewed pre flooding (1992) and post 
j]ooding (1993), however, the solution was insufficient to illuminate that area. 

Conclusions - Due to the flash flood cvent that caused the strcam crossing to be 
relocated and changed the stream flow conditions, the Rio Moquino drop 
structure was no longer needed. Therefore, compliance with this ROD 
requirement is not applicable. 

Recommcndations - No further activities are recommended. 

B. Arro!'o /leadcutting: 

Arroyos soutll oj waste dumps I. Y. and Y2. and tile arroyo west oj waste 
dumps FD-I and FD-3 will be armored liS sllown in tile FEIS Appelldix A 
(Figure A-J3). Otller IIelldcuts encountered during rec/amation will also be 
stabilized by armoring. 

The arroyo hcadeutting west of the waste dumps ended when the sandstone 
outcropping was encountered at the surface. It was determined that armoring 
was not needed to prevent further headcutting. An OAS 2006 Photo 13- I 9, 
Appendix 13, shows the sandstone outcropping. There has been no appreciable 
hcadcutting in the area since the outcrop became exposed. Headcutting areas arc 
shown on the Base Map. 

Conclusions - Based on OAS field inspection documented in the photograph, 
field conditions changed when the headeutting encountered a natural outcropping 
of sandstone. The sandstone impedes further headeutting negating the need for 
armoring. Therefore, this is considered a non-substantive variance iI'om the 
ROD requirements. 

Recommcndations -- No further activities arc recommended at this time. 

C. Blocked Drainage.\': 

J. Waste dump .J and protore stockpiles SP-I 7Be and SP-6-B will be removed 
to unblock ephemeral drainage Oil tIle sOlltll side ojtlle mille site. 

Blockcd drainages arc shown on Exhibits 1 and 2. 
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Waste dump J was found to not be blocking the stream. Distance made it 
uneconomical to transport the waste into the Jackpile pit, therefore, it was not 
removed. It was slopcd. covered and sccded. 

Protore Pilc SP-6-B move is documented in Projcct Status Report No. 43, 
February 1992. However, SP 17BC was not mentioned in the Jackpile Protore 
report attached to Projcct Status Rcport No. 43. An acrial photo dated 8-21-03 
indicates that material has been removed !i'om both those protore areas and 
revegetation is taking place. This can be seen in the areas just to the east of the 
remaining waste dump J. The acrial photo also supports the statement that waste 
dump J docs NOT block any drainage. 

Photo 13-20, Appendix 13, shows waste dump J in the background and the level 
ground in the !i'ont formerly contained the protore piles SP-6J3 and SP-17BC. 

Conclusions - While the letter of the ROD was not met with regard to the 
movement of waste dump J, closing it in place appears to meet the intent of the 
ROD and no problems have arisen to date by this action. However. this area 
could be a physical hazard in that livestock could become entangled in the 
submerged fencc, or stuck in the mud. 

Recommendations - Beeausc the land grant property is in close proximity to the 
Pucblo of Laguna, an efl(ll'l should be madc to jointly maintain the existing dirt 
banks and monitor the ponded water to determine if it presents any chemical or 
radiological hazard i()r domestic animals or wildlife. After the evaluation has 
been completed, a long-term solution may be devised. 

2. Two blocked dminages /lorth of FD-J and F dumps will remain blocked. 
The remainder of the minesite, excluding open pits, will drain to Rios 
Paguate and Moquino. 

The blockages to the north of FD-I and F were left and subsequently a semi­
permanent ponded area has form cd north of the Jaekpi1e Pit. An OAS 2006 
photo 13-21, Appendix 13 shows the large ponded area. 

M. Sarracino reports the pond stretches onto the Trust Lands to the north. Cattle 
ii'om these lands have watered at this pond and several have drowned, lcading to 
damage claims against the tribe. 

There are no other ponded areas outside the pit on the Indian lands, so the 
remaining areas appear to be draining to the Rio Paguate and Rio Moquino, as 
planned. 

Conclusions - The letter of the ROD has been met. ]-]owever, an unforeseen 
circumstance has arisen in that the ponded watcr appears to be at least a physical 
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hazard, and potentially a chemical and radiation hai'.ard, for the ncighboring 
landowners and the cattle that arc grazed on that land. 

Rccommcndations - Since grazing livestock have access to the ponded wateL 
POL should sample the water to determine ifit presents any chemical or 
radiological threat to the grazing animals. Additionally, the pond has been in the 
past, a physical hazard for the domestic animals. The area needs to be evaluated 
and a long-term solution devised. 

6. SURFACE FACILll1ES/STRUCTURES 

A. Lease No.1: 

All buildings on Lease No.1 (Jackpile lease) will be demolished and removed 
exceptjor the Geology building, miner training center and buildings at the old 
shop and the open pit offices. The land smface (except pit high walls and 
natural outCl'Op.\) will be cleared oj radiological material (e.g., Jackpile 
Salldstone) unti! gamma readings oj twice background, or less, are achieved. 
These areas will then be graded alld seeded. 

Site inspection indicated all structures were removed and the areas appear to be 
re-vegetated successfully. Although the ROD noted that some structures were to 
remain at the site. deterioration and safety issues required dismantling of these 
structures. 

Radiological Clearance is discussed in Section I O-Monitoring of this report. 

Table 8 
Lease No. I - Facilities/Structnres Status 

!~J.~~kr;·ii~~L~~;~N~~i·---~T-i~,~(~;;;'I-~rS;~;I;;-~------'--"--'---~~---~-"CC"""~""~l 
... . ~ ~ -, ... ~.~_'",,==~~.=~'""==~ =.,.",.,== .... == ..=....,,,.=--...c"_'<".~~~==~==~, ... '"'" "·",,",",,=~="·",,"=""'~=~-===o=c.~·""·""~."=<···_·"_ , 

Geology Building at Leave in Deterioration and Safety Issues required 
Housing Area Place dismantling. Panels stored at LCe shop area . ___ . __________ ~ ___ c. _____ c.. __ . ___ ""_". 

i Miner Training Center at Leave in Deterioration and Safety Issues required 
I Housing Area Place dismantling. 
1=-.... ·--------" ---j-----"-------"---.... ~ .... -------' i 
! Old Shop Buildings across Leave in Deterioration and Safety Issues required , 

i~;:~;~;-()-f-fi-ee-'s-- :~~~C\~e in ~:;:::l~~I:I~d:s~fety-ls-.s-ue-s-l-eq-I-lil-.ed----ji 
Place dism.~ .. ~111ing. . ..... ___ . __ J .--.----.. """._._".- -----i-. 

Ii All other buildings Demolish Deterioration and Safety Issues required 

l dismantling. 
'~__ ~~~ .... _" .. "" .. c~~~~~ __ ",,"~.~~----. __ C"_~_~~ ....... ___ ~,,_,,""".~_~_~ .. _", 
The information in the Status column above was provided to OAS by M. 
Sarraeino, January 30, 2007. He further stated that all areas were disked and 
seeded. Some of this can be substantiated in the memorandum, dated April 23. 
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1991 hom POL Projcct Manager lJ I. Olscn . .lr. to Govcrnor l'larry Early 
recommending approval by thc council of Special Cases. (" I'ueh/o o/'Loguno 
Council, Reclomoliol7 I'rojeCl Issues ", April 23, 1991) 

B. Lease No.4: 

All structures andfacilities associated with the 1'-10 mine and new shop, 
including all buildings, roads, parking lots, sewage ,ITstems, power lilies and 
poles, will be left in place. All operational and maintenance equipment, 
including tools, machine}}', and supplies will be removed. All permanent 
structures and land sllllaces (except pit highwalll and natural outCrop.l) will 
be cleared (!fradiologicalmalerialuntil gamll1a readings of twice background 
or less are achieved. These areas will then be graded and seeded. Non­
salvageable contaminated buildings and materials will be removed to the pits 
fiJl·di.ljJos(d. 

A memorandum dated April 23. 1991 ii'om ll! Olsen, Jr. to Governor Harry 
Early ("Pueblo o/Logul7o Coul7cil, Reclamoliol7 Projecl Issues ", April 23, 1991) 
documentcd POL Council approvcd design changes and recommcnded 
forwarding descriptions of changes to the BJA iClr approval. A signed copy of 
the approvals and authorizations was not jc)Und. Some of the changes related to 
deviations from facilities demolition plan. The iClllowing is the relevant excerpt 
ii'om that memorandum. (pg. 4, ~11) 

" d) REMOVAL OF REMAINlil'C; I3UJU)INGS 

Two buildings allhe I'-IIJ sile need 10 be dismanlledso Ihe required 
backfill and sile cleanup around Ihe decline can be compleled. The old welding 
shop also needs 10 be dismonlled since Ihe sheel melal panels are delerio/'{/Iing 
and becoming a pOlenlial hazard The old Geology Building and Ihe P-IIJ 
compressor Imilding have already been dismanlled and Ihe malerials slored in 
Ihe Lee Shop Yard. Unless olher direclion is received by May 31, 1991, Ihe 
buildings will be dismanlled by Ihe Lee Sur/hce Crew and Ihe malerials placed 
inlhe LeC' Shop YardfiJr/i.!lure use. Prior 10 release o/Ihese malerials, 
however, a radiological survey would need 10 be perfiml1ed by Eberline in 
accordance wilh Ihe Environmenlal Aloniloring requiremenls. " 

Site inspection indicated all structures were removed and the areas appear 10 be 
rc-vcgetated successfully. 
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Tablc 9 
Lease No. 4 - Facilitics/Structur'cs Status 

Information presented in the Status column above was provided to OAS by M. 
Sarracino. January 30, 2007. He further stated that all areas were disked and 
seeded. Some orthis can be substantiatcd in the memorandum, dated April 23, 
1991 !I'om POL Project Manager J.H. Olsen. Jr. to Governor Harry Early 
recommending approval by the council of Special Case Designs. ("Pueblo 0/ 
Laguna COUl1cil, Reclamation Project Issues ", April 23, 199 J) 

Table 10 
New Shops - Facilitics/Structures Status 

~~~~~~~~J 
I Parking Lots Leave in Place i I.eft in Place, Active I 

~
-.. -.---.. - ... ----- ------_ .. _- ._----_._ .. _._._.-...._ .. _---.--

Sewage Systcms Leave in Place I Left in Place, Active .. -----.. -----.--.. -....... _---_._.----.1-.. _._ .. _ ... _------_._-_. 1 

Power lines & Poles Leave in Place Left in Place, Active I -~_~".~~ ... __ .. " .. ~. __ ... ~~._._~~~ .. _~~ __ .. _. __ .... _"_ .......... _ .... _~ .... ~ ...... ~~ __ ~ •. ~_ .. _. __ ... _ .. ~_._ ........ _ .. __ .... J 

C. Access Routes: 

The four major roads witflin the mine site will be cleared of radiological 
material and left after reclamation for post mining use. These access routes 
include: 1) the access /'Oadjrom 1'-10 and the new shop area to State Highway 
279; 2) the main road through the mine; 3) the road that passes between tlte 
housing area and North Oak Canyon Mesaalld tlten proceeds to 1'-10; and, 4) 
/'Oad to Jackpile well No.4. All other roads (except on lease No.4) will he 
removed. These areas will tlten be graded and seeded. 

Site inspection revealed the following status of the roadways covered by the 
ROD. Exhibits I and 2 show the locations oflhese routes. 
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Table 1 I 
Access Routes Status 

r=··'=~"·=·-·=-·'=·=--='=.c····- - --~-~~- --- - - -- - - --r'~="--~ ---.=.....-.--- - -- -- --- ---.,-, -, -- ---- "'·'--~O_····-"'"'"-"'=-""-=='-~·-~-··-·'11 

II Roads I Proposed I Status il 
~=,~"-~.~~"="_=,,-.. ~-~.~"='-=.=~=,.=_=o=.=''' .. =, . .,,-._._-='''_~-,-",=."=~·."",_,.-,".=>"o",,,."=.~,,.e,,,.=.~ •. ·~,-=,,,,,,~ ---==-~,-.--.--,,,-=,,=~-=~ .. =,,,==~-==e=",,-=,.c=-===-==-..oii 

III.~. Pl~~~~":'_..s~1(lJls.t()-'.jWY ~79 I Leave in Place Active, maintained dir~~':<l<l.~_.-J!. 
j Mall1 Road I hrollgh Mille 1 Leave III Place Active, mall1tall1cd dirt road I! 

11-~~'~~\¥-I~~~~I~~~\~~~1~O~ltl)~1~2-r-t:~~~~~~~~:- ~ ~~;~::':::::~d~~f;~S;~~~~). IJi 
II-All others except Lease No.4 Grade & Seed j Abandoned, no maintenanee~! 
L~,,,~,,",,,,,,~,, ... ~=.o_.========-,=-,-<=======--~=.~- !l~Jt~~~~~~~li~~~se~~_~~f_: __ "~_ .. =,,.="=j 

The information in the SWills column above was provided to OAS by M. 
Sarracino, on January 30, 2007. Photos 13-22 and B-23, Appendix 13, 
respectively show the 1'-10 Well features and the New Shop Wcll features. 

D. Water Wells: 

jackpile well No.4, tlte P-10 well, tlte new .~hop well, tlte old sllOp well, and tlte 
3 well,' witlt associated slleltering ,5truetures (near tlte Itousing area) will be 
left. Tlte pumps, riser pipe, wiring, and water storage tanks will be removed. 
Wells establisltedjorjuture monitoring purposes will also be left. All wells will 
be capped to prevent dust, soil, and otller contaminantsjrolll entering tlte well 
casing. 

Table 12 
Water Wells Status 

[~~;;'~~~!!r~=T~~!i~E~~I=~]~;;i]=f~'~~=T:='Yi;;1-[::[~I~~~~~::=-'1i 
l- J a c k pi I c ~~_~_. . ____ ~}2!~cd . __ ~_. ___ ~clnovc_~.~ __ ~~!~~?:~~ __ ~ _.~~~.~~~.~_::.~! "CillO ved ~: 
I P-10 capped removed remains remains remains I 

I
'----------~-·-----.. -·---- ----- .. - ---.---~-

I New Shop active active active active active 

lm~~~:;~.~~:' ...• _. .,_"',:~:~:,~ __ " __ ~:~~:v~~-;elll::~~~" ""_~_::~V:d removed 

Eo Rail Spur: 

Tlte rail ,'lllir will be left intact. Tlte rail ,,])ur lIlust be cleared of radiological 
material until gamma readings ojtwice background or less are achieved, Tlte 
Quirk loading dock will be demolished and hauled to tlte pits. 

Based on OAS site inspections, the Quirk Loading Dock was demolished and the 
rail spur remains. 
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Conclusions - Based on memoranda, discussions with M. Sarraeino and an OAS 
JieJd inspection, some features shown which wcre anticipated to be kept or 
salvaged ,.vcrc found to bc of very poor condition. While not in strict compliance 
with the ROD, the demolition and disposal of additional facilities in no way 
impairs the environmental integrity of the project. Thcrcl(lre, this is considered a 
non-substantive variance fj'om ROD requirements. 

Recommendations - No further activities are recommended. 

7. DRILL HOLES 

All drill holes will he plugged according to the State Engineer's requirements. A 
5-foot sUI/ace concrete plug will also he placed in each hole. Any cased holes will 
have the casing cut ojf at the sUI/ace. In addition, areas around drill holes will be 
seeded. Any exploration roads not wanted by the Pueblo will he reclaimed. 

Project Status Report No.4, November 1989, reports that Work Item 2S 1 S05 is to 
plug drill holes. However, the report states '"There is no 'Fork to he done in this 
package. The CMe i/1.\pector has gone over the entire area where the drill holes 
were, and did /Jot/ind a single one open . .. 

Conclusions - It is unclear what happened to the drill holes. No drill holes were 
found by CSM and that work unit was closed out on approval of all three parties. 
'fhcrefore, this is considered a non-substantive variance from the ROD requirements. 

Recommendations - No further activities are recommended at this time. 

8. UNDERGROUND MOD/FICA TIONS 

A. Ventilation Holes: 

Vent holes will be backfilled with lVaste material (Dakota Sandstone and 
Mancos shale) to within sixfeet of sill/ace. Surface casing will be removed, 
steel support pins installed in walls of vellt holes, and sealed with a six:/i){)t 
concrete plug./i"om backfill to sUI/ace. Areas around vent holes will be 
contoured and seeded. 

Project Status Report No.2, September 1989 reports ongoing activity with 
respect to locating vent holes. Project Status Report No.4, November 1989 
reports all the vent holes have been closed under Work Unit 2S 1 S04 except f(l!' 
one in the Jaekpile Pit. Project Status Report No. 32, March 1992 indicates the 
closeout of Work Unit 2S 1 S04, thercf(lre, it is assumed that the Jackpile vent 
hole was closed. There are no speeiJics with regard to the actual physical 
closures methods used on the vent holes. 
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Conclusions - It is unclear how the vent holes were closed and there are no 
records of how they were closed. Monthly reports indicated that the vent holes 
were being closed, and the work unit was closed out on approval of all three 
parties. Therefi)re. this is considered in compliance with the ROD requirements. 

Recommendations - No further aetivities are recommended at this time. 

B. A dits and Dec/ines: 

A concrete bulkhead will be constructed approximate~)' 680feet below the 
portal of P-IO deC/ine. TIle decline will be backfilledfrom bulkhead to ground 
swface with Dakota Sandstone and Jl1ancos shale. Sufficient material will be 
placed over the portal to allowfor compaction and settling. The ground 
surjllce above the buried portal will be sloped and then top-dressed and seeded. 
The Alpine mine entl:V will be bulklteaded and backfilled. Jl1ine entries not 
previously plugged by backfilling will be covered. Additionally, tlte H-I mine 
adits will be bulklteaded and bac~filled and the adits at the P-13 and NJ-45 
mines will be backfilled. 

Exhibits I and 2 present the locations of these mine features. 

Although the details of the closures are unknown, the closures appear to have 
been successful. The general site inspection of areas of the fonner underground 
features revealed no evidence of underground mining accesses, no evidence of 
subsidence, and in general, the areas were indistinguishable Ii-OJn surrounding 
areas, indicating successful revegetation. The following table summarizes the 
various entrances and the relevant work unit and closure date when available. 

Table 13 
Adits and Declines Status 

ADITS Status! CI~-l~~~-I--- ----~~~W ;':kIJni~t a~~-;I-~- ~~~~-I- CI:;;I;~~C-' -]1 

1 Means Progress Status Reports Date I 
~,~~,~~- -~---,~-~~~~--~--~~~ ~-~--- ~- ~~--~~-- I 

l3ulkhcaded and 2S I S02 

P-IO 
Backfilled, Redesign - Project Status Report No. 16 

Checked for Activity - Project Status Reports No. 30 
subsidence & 31 

.~--j ~.~~----.~~ 

March 
1992 

I Backfilled and 
'I' Alpine Checked for 

subsidence 
!~--~'~-i~-'~'~~--'-~'----~~~' 

i Backfilled and 
II-I Checked j()r 

OA ,~J!slemS COIporafiol1 

No Specific Work Unit 
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The information in the Status column above was provided to OAS by M. 
Sarracino, January 30, 2007. 

Correspondence fl'om the BIA to Governor Lucero, dated December 20, 1990, 
contains as an attachment a redesign proposed by Landmark Reclamation 
entitled "Report of Investigation of 1'-1 ° Design". Based on the content of the 
correspondence and attached memorandum, it appears that the new design was 
adopted by the project team (US Department of the Interior, Bureau oflndian 
Affairs, Correspondence to Governor Conrad W. Lucero, with attachments 
including Landmark Reclamation, "Report oj1nvestigation of the P-JO Decline, 
Jackpile Project" (dtd July 30, 1990), December 20, 1990). 

Conclusions - It is unclear how the mine entries were closed. But the work units 
were closed out on approval of all three parties. Because all three parties 
approved an alternate closure method, it is presumed that the intent of the ROD 
was met. However, the potential fClr subsidence may still exist. 

Reeommendlltions - Continue to monitor the P-I ° and l' 2/3 areas for 
subsidence. Closure methods apparently presented some potential fill' a 
"controlled accident", as was stated in the Landmark Reclamation report 
referenced above. 

9. REVEGETATION METHODS 

A. Top J)res.I'ing: 

Following final sloping and gl'llding, pit bot/oms will be top dressed with 24 
inches, waste dumps with 18 inches, and all other areas within the minesite 
with 12 inches oj material cOlllposed prilllarily oj Tres lIerlllanos Sandstone 
(I,tockpiles at three locations within the minesite). In order to meet top 
dressing volullle requirementsjor the northem portion ojthe minesite, 
additional material lIIay be obtained from a topsoil borrow area in the Rio 
A1oquino floodplain comprising 44 acres. For the southem portion ojthe 
minesite, additio/1al topsoil borrolV material located east oj J and H dumps 
lIIay be needed. Following topsoil removal, disturbed borrow areas will be 
contoured,jel'filized, seeded, and lIIulched. 
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Exhibit 2 shows the topsoil pile locations. Section 3 discusses the waste dumps 
and their sloping, contouring and cover depths. Verification of top soil depths is 
also presented in Section 3, Table 4. 

B. SlIr(itce Preparation: 

After app~)'ing top dressing, areas to be planted ",iff be jertifized,jo{{owed by 
disking to a deptft oj 8 inches and then cOlltollr jurrowing. 

A memorandum dated April 23, 1991 !l'om .1.11 Olsen,.1r. to Governor Harry 
Early ("Pueblo o/LaRlll1a Council, Reclamation Project Issues ". April 23, 1991) 
documcnted POL Council approved design changcs and recommended 
felr\varding descriptions of changes to the BrA for approval. A signed copy of 
the approvals and authorizations was not found. One of the changes was to 
revise the approach fe)r top dressing and revegetation. The fe)lIowing is the 
relevant excerpt fi'Olll that memorandum. (pg. 3, ~i I) 

"TOP DRESSING AND REVEGETATION SPECIFICA nONS: This section 
.ljJeci/ies the diskinI" soil placement, seeding mlllchinR and crimpinR operations 
to be used. Follol1'inR soil placement, the areas will he lefijidlow IIntil a/ier the 
t)'lJical rainy season so moisture can he re-cstahfishcd in the seedhed. A 
schedule oj'acti1'ities and the "time window" availaMe to per/imll them 11'0.1' 

de1'eloped to help the constrllction actil'ities be coordinated to take advantage oj' 
these aspects. Seed mixtures, application rates. and estimated costs are also 
included. Seeds types to he used include wall1a wasses,.fourwinR saltlmsh, 
s)ree/c!over. Indian ricegrass, blues/em, sacaton, und others are recommended. 
Discing will he done to help bind the shale to the topsoil cover. DiskinI' at 45 
dewees to the slope will enhance this bindinR capacity. SeedinR will be done 
with hydroseedinR equipment but use oj'seed drilling equipment onthe/lat areas 
is optional and acceptable. Final crimping oj'mulch and cross-discinR on 
opposing 45 to 60-degree passes on the final slope are also done to help control 
minor rilling and the/imnatiol1 oj'll'ater pathways dOlFn the slopes. MonitorinR 
procedures are included. An optional ,Ipeci/ication/i)r tree plantinR 
(recommended .ljJecies and plal1ling procedure.l) was developed should the POL 
wish to utilize this technique. Work Packages/i)r Ihe estimated cost can be 
included injiilure Annual Operating Plans/ilr Council consideraliol1/actiol1. " 

C. Seedin!! and Seed Mixtures: 

Bejore seeding operations begin, tlte entire minesite will hejenced to prevent 
livestock grazing. In most situations, seed mixtures wiff be planted witlt {/ 
I'tIngeland driff. Broadcast seeding combined witlt Itydrolllulclting lIlay be 
used on inaccessible sites 01' if deterlllined to be morejeasible titan driffing. 
For botlt metltods, tlte seed mixture will consist main~y oj native plant species 
possessing qualities compatible witlt post grazing use and adapted to tlte local 
environment (Tables 3-JO and 3-11; FEIS). Following driff seeding, stl'tlW 
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mulch will be applied at about 2 tons pel' acre, and crimped into place with a 
notched disk. 

There is some seed preparation and seeding that is documented in the ".Jackpile 
i'rojeci Final Design Recoll1l11endolions/iJr BfA Appl'Ovol "0 May 9, 1990. (pg. I, 
,jl & 5): 

"i) Previously-reclaimed areas will be left inlheir currenl condilion excepl 
where minor remedial work will be required 10 repair sll10llrills 01' 
gullies. Re-seeding olbare .ljJOI.\· on slopes will be done using "hydro­
seeding" and lI1ulching lechniques. Any remediall1'0rk will be done .1'0 
0.\' to minimize any adverse impact on exisling vegetation or other 
slahilizing/eolures. Re-oligning oldrainage palhs will be done. 

5) lJydroseeding is I he pre/erred mel hod since rece 111 reel al11(/1 ion 
experience on 3: 1 slopes shows Ihaillse olseed drills (Ind equipmenllo 
crimp Ihe mulch oCluolly cause more erosive palhways. Page 7o/'ihe 
ROD alloll's!ilr a more '/easihle" lechnique Ihan seed drilling, if 
available. " 

D. Revegetation Success: 

Using the Communi(J' Stl'llcture Analysis (CSA) or comparable method, plant 
establishment will be considered slIccess/ulwhen revegetateri sites reach 90 
percent o.fthe density, frequenLJ', fo/ial' covel', basal covel', and production I!f 
lin disturbed reference areas (but not sooner than 10 yearsfollowing seeding). 
Livestock grazing will be prevented until 90 percent comparability vallles are 
met. At the end of the 10-year monitoring period, if an IIn.Hlcces.~lul trelld is 
shown, retreatment may be nece.\·s{//J' to achieve success criteria. 111 tile pit 
bottoms, vegetation will be sampled al1nually for radionuc/ide.\· and helll:)! 
metlll uptake. 

As the Jacobs Environmental Monitoring Plan states, revegetation of the site is a 
critical requirement fiJr stabilizing the disturbed area against erosion and 
returning the site to productivc usc. It designated short term monitoring to 
determine that sceds havc germinated and seedlings arc growing appropriately 
and so that correetivc mcasures can be taken to assure success and long term 
monitoring to meet the ROD. Therc are rcfcrenccs to visual vegetation 
inspections by "Ed Kelley, Ph.D. (revegelation cOI1.1'ullani) " in Project Status 
Reports (Reports No. 43, Feb 1993 and No. 51, October 1993). The ROD 
rcquiremcnts are to compare waste pile and pit bottom revegetation against 
rcfCrence sitcs and to cease monitoring ailer the rcvcgetated areas meet 90% of 
the reference site (for seleetcd parameters) but no sooner than 10 years. Four 
studies wcre performed: 
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I) Qct~llier.J 99Q (Landmark/Weston 1991) - Landmark Reclamation/Weston, 
".fackpile lIeclamalion ProjecI, Pueblo OjLUglll1(J, /Ve\1' Mexico, Soils and 
Vegelulion Eva/zwlionjc)r Final Rec/amalion ", Final, April 1991, 

2) Swtembs:r/October 199(, (Munk and Boden 1(96) - Munk, Lewis P. and 
Boden, Paul, Soils and Biogeochemistry, "Inlaim Reclamalion Sliccess 
Analysis, ,/>iorlh and SOl{lh Pagllale Open Pi/s, .fackpile-f'agllale Uranium 
Mine ", December 1996 

3) USDA Natural Resources Conservation Service, 1998 Paguate-Jaekpile Mine 
1998 Vegetative Inventory [Production Surveys], 1998 

4) USDA, Natural Resources Conservation Service, Vegetation Inventory, 
Production Surveys, August 16, 200(), 

5) OA Systems Corporation, .fackpile-J'aguale Uranium Mine Record oj 
Decision Compliance Assessmenl, 2007 

Table 14 
Revegetation Snccess Sampling Requirements Comparison ---r --F';~:~~'"'I- -- ~- ~ --_-.. --e-~_- ---I 

1' ......... __ ........ _1 !CIS Tab!e 1-~ IH)f~ .. Monitoring Plan _____ .~tl""--.. __ ... ' 
I) I'arlvreelaimed I 

• I" I 

Sampling 
Points 

ITransccts on 
\vaste dumps) 
pit bottoms and 
olT-site 
reference areas 

Frequency Annually 

OA .~)'slell1s Corporal ion 

w 
"' '" " '" ii 

(/) 

'" 
'0 

ii 
0 
a-

'" " g 

I I mined areas and rcf I 

I 
Sites I 

Vi 
,,' 

Cd 
0 
0 
c:<: 
"' " () 

E 
"" (/) 

36 

(I,andmark/Weston i 

I 
1(91) I 

,2) NI' and SI' pit areas! 
and two reference 

areas (Munk and 
Boden 1996) 

3) Pit Bottoms only, 
refercnce areas not 

used (NRCS 1998, i 

____ 2000, 2006L ___ .. 1 
I) Once in 1990 during: 

! reclamation , 

12) Once in 1996 within ,i 
I NI' and SI' only, ! 

j 
3) 

three years aftcr 
seeding. 
Three timcs after 
reclamation 
complction 

··-•. · . .,.-.,-~-.. ,,';-.. ===o=~=~=~,· . ..J 
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iii .Jacobs !: 

!! I I Environmental i~ 
!_~___,F:I~Ial)I~1:2iLgQI)_Ji\1 oni tolj.!'[.l' Ian ____ A~!ual _~~i 
, I I I) All ROD Parametcrs Ii 

'I 2) A, II ROD Paramcters:i 

Ii 
I 
:1 Density, 
Ii Frcqucncy, 
iiPal'amcters foliar cover, 

basa I cover, 
and Production 

I 

3) Production 
Sampling, plus 
qualitativc (wind 
erosion: water 
erosion, soil crust, 
plant vigor, 
seedlin,gs and secd 
rCpr()dl~ction) plus Ii 

qualitative II 

assessment of 1'1 
rangeland health 
using NRCS rating 
categories. Ii 

1----l~~~)~Il~~~~~~~lt Nor:~~ ~ar -sa-' l-11-PI-in:-~;-11 
Duration 110 years duration, The 90% targct!1 

following is not bcing achicvcd, II 

,~~~ .• -•.•. = .• ~.::;l~!223.~~22~.---.--.----L=~."=== .. ,, .... . ~ .. ~~~~ .. "=~_c.~=== .• =~-=~'='=~===<o~==".~-=",._.J 

The carlier vegetation studies by Landmark/Wcston (1991) and Munk and Boden 
(1996) {(lllowed the procedurcs and parameter tests laid out by the ROD, but 
were conducted during and at the end of reclamation and not in the post closure 
pcriod, During this prolonged study period (1989 through 2U06), refcrence sites 
and their usc as comparisons {(lJ' successful revegetation evaluations were 
replaced by other methods. This is rel1ccted in the 1996 Study ( Munk and 
Boden) where thcy stated that "the use o/re/erence areas as a reclamarion 
standard is complicated by the lack o/a model reference with ideal site 
characteristics" and that "that the reclamation success is obscured by these 
simple single parameter stalistical comparison because o/the differences in the 
vegetative composition among the reclaimed and reference areas," In 
subsequent studies conducted by the NRCS and Cedar Creek other evaluation 
criteria evolved, as discussed below, 

DisclIssion - The three monitoring reports in 1991, 1996, and 2006 consistently 
determined that vegetation on the rcclaimcd mine areas can be considered 
successful in meeting thc primary goals of landscape stability, productivity, and 
good to excellent plant communities, 

• The 1991 Landmark/Weston report rccommended that the vegctation critcria 
bc developed based on acceptable values rather than spccillc reference sites, 
Using these criteria. "All o(rhe reclaimed sites e.rcept one (vegetation survey 
site V-4) could be released/in' post-reclamation land lIses without/ill'lher 
monitoring. " 
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• The 1996 Munk and Bodcn report statcd that, "In general, reclamation in the 
pit hottoms can he considered successfiil in mefling the goals oj1andscape 
stahility, productivity, and containment of the protore. " The reclaimed areas 
did not meet the strict numcrical standards of the ROD requirements, hut had 
vigorolls and productive plant communities with dcsirable perennial grasses 
and shrubs. 

• In the 2006 monitoring report (Cedar Creek 2(06), in addition to assessing 
cover and productivity, fClllowed suggested protocol based on NRCS 
methods for evaluating and rating ecological sites fClr health and stability in 
Chaptcr 4 of the National Range and Pasture Handbook for inventorying and 
monitoring land resources. The sampling and monitoring results compared 
these naturalized plant communities (on the reclaimed mine site) to the 
desired plant community based on the reclamation and revegetation 
techniques (grading, topographic and water control, and seed mix) used on 
the Jaekpile mine. The trends and ecological health of the plant 
communities, and other physical attributes, showed excellent balance and 
sustainability of the reclaimed areas for physical structure (topography, 
soils), hydrology (streams, runofj~ watersheds, pools, springs and seeps), and 
ecology (vegetation, animals, and habitats). 

The results of the vegetation monitoring show good to excellent plant 
communities with fClliar cover values of 43-50%; according to Landmark/Weston 
(1991) regional values are 10.3% to 26.5%, so the cover values f~\r exceed the 
90% specified in the ROD; and plant production of 523-1 ,043 lbs/ac on the 
reclaimed lands. The trends in vegetation arc stable for plant diversity and 
health. The reclaimed mine areas can be considcred successfi.Iily revcgetated 
based on the available monitoring data. The reclaimed mine has stable and seJj~ 
sustaining diverse ecosystems with vcry good to excellent vegetative cover and 
productivity of desirable plant species, and good habitat JClr local wildlife. There 
are no comparable reference sites for determining the success standards of these 
ecosystems as required by the ROD. The conclusions of the monitoring reports 
were that the mine has suecessfi.i1 vegetation based on production and other 
criteria of stability and sustainability. 

Conclusions - The Jackpile Reclamation Project post reclamation vegetation 
monitoring program deviated fi'om the requirement of the Record of Decisions. 
This was due to evolution in the methodologies developed, accepted and 
routinely accepted in the scientific community in determining vegetative success. 
The monitoring met the intent of the ROD in determining vegetation success, in 
that the mine was very successfully revegetated based on important vegetation 
parameters of covcr and productivity. 'fhc revegetation did not meet the strict 
numerical standards of the ROD, but had vigorous and productivc plant 
communities with desirable percnnial grasses and shrubs. The condition of post­
reclamation vegetation is very good to cxcellent, and the reclaimed mine has 
stable and self~sustaining diverse ecosystems, and good habitat for local wildlifc. 
Trends in vegetation arc stable fClr plant diversity and health. 
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Item 9~D of the ROD requires pit bottom vegetation be sampled 81111ually for 
radiological and heavy metal uptake for a pcriod often years. This was not done 
on a continuous basis during the I O~year period aftcr reclamation was completed. 
Further discussion is prescnted in Section I O~Monitoring (f) and (g). 

Recommendations ~ Vegetation uptake should continue to bc monitored 
periodically in the future, especially in the pit bottoms. It has bcen suggested 
that monitoring be undcrtaken the next year and possibly every five years after 
next year; especially in the pit bottoms and in the North Paguate pit in particular. 

10. MONITORING 

The monitoring period will vllI),for each parameter. Existing monitoring 
activities to be continued will in elude meteorologic sampling, air particulate 
sampling, radon sampling (ambient), 1'Ildon exllalation sampling, gamma survey, 
soil and vegetation sampling, water monitoring, and subsidence. In addition, the 
monitoring program will be expanded to inelude: radon daughter levels (working 
level.l) in any remaining mine buildings, and groundwater recovelT level.llsalt 
buildup in the open pits. The groundwater monitoring period will be of sufficient 
duration to determine the stable future water table CO/lditions. Refer to Table 1-5 
of the FEISfor detllils of the monitoring plllnils described under tI,e Preferred 
Altel"l1l1til'e. 

The Jacobs Environmental Monitoring Plan was developed felr use during and after 
reclamation. This Environmcntal Monitoring Plan was approved October 1989 and 
implemented by the Pueblo of Laguna. To cheek for compliance with the ROD, 
OAS compared the Final EIS Table 1-5 to both the Jacobs Environmental Monitoring 
Plan and the actual data scts provided by the POL. 

It was stated in the introduction to the Jacobs Environmental Monitoring Plan that, 
··as the ./ackpile Project proceeded into the preparalions oj"the/inal engineering 
designs and detailed project operating plans. modifications to the monitoring 
program were developed." To view specific rationale felr changes, the Jacobs 
Environmental Monitoring Plan should be reviewed. For the most paIl, the reasons 
included additional data obtained since the FEIS, technology advancements, closer 
review of existing data sets led to elimination of some monitoring as unnecessary, 
the decision to go with an independent party to collect and analyze the samples, and 
increased participation of the B1A in an ovcrsight role. It is OAS' judgment that the 
reasons jelr modifying the FEIS lists appear to be reasonable and justified. 

Many of the monitoring details were fellll1d in othcr documents and evolved over 
time. To address monitoring requirements, OAS brokc the requirements out and 
addressed general areas of Water Quality, Soils and Plant Uptake, Vegetation 
Success and Radon. Since the data had not been organized, reviewed, QC checkcd 
or evaluated, OAS attempted to do this to some degree and has included individual 
reports in the Appendices of this document. 
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a. Meteorologic 

The Jacobs Environmental Monitoring Report stated tl);!' the wind and 
precipitation data would be useful in determining when to conduct blasting 
operations, calculating radiation health impacts. dctermining irrigation needs in 
revegetation areas, and determining if operations should be stopped because of 
excessive dust. 

There werc some references to the purchase of a weather station in a Project 
Status Report and remnants of a weather station arc ncar the old housing area. 
However, no data for weather monitoring was found. 

Table 15 
Meteorologic Monitoring Requirements Comparison 

The lack of mcteorological monitoring data represents non-compliance with the 
ROD. However. the lack of data has no real impact on post closurc health and 
the environment risk, since the disturbed areas have revegetated well and there is 
no risk posed ii-om blowing dust. Consequently, failure to comply with this 
requirement is probably not a significant variance. 

Conclusions - Meteorologic monitoring was reportedly conducted during 
reclamation. There is, however, no data for monitoring conducted during that 
time. Meteorologic monitoring data was collected during reclamation as was 
appropriate. However, recurring data collection equipmcnt problems resulted in 
discontinuous data collecting during the post-reclamation period. At least two 
different monitoring equipment suppliers were tried, but the power supply 
problems and problems with livestock destroying the equipment continued. 

Recommendations - No further activities are recommcnded. 

b. Ai,· Particulates 

Table 16 below presents the air particulates monitoring requirements as proposed 
in the LIS, ROD and Jacobs Environmental Monitoring Plan compared to the 

40 
OA Systems Corporation September 2007 



0500051

Jackpi/c-Paguu{c Uranium .'Hint 
,_. ___ ~ _______ IIf..(· 0 rslQLl2£ c is i () n ('(j.l!..lJ11 ic III (. e ..£.1~~J;XY.l!1 (! ILl 

actual monitoring that was performed. The EIS proposed separate requirements 
for monitoring radiological and non-radiological particulatcs. The ROD and 
Jacobs requircmcnts. and the aetualmonitoring that was performed, combined 
the radiological and non-radiological parameters as shown in the table. The table 
also shows the differenccs that were proposed in the number of sampling points 
and the duration of the monitoring. 

Table 16 
Air Particulate Monitoring Requirements Comparison 

'EIS .Jacobs Environmcntal ' 
.'y'- -'l~'~"~~~~'~"""-~"~~~~'"'~'-~~--~"'-~~~-~'" 

,p=" t ~;Lr H~'-----""""7lC"," - A':""-J 
I
III' rc-q;,'£!~~Y-1lT (n. ~ :::~ :;:.;'a -h~(~~(~,:~:;\;-I~~ n. at l~+~ ;~~~~7,;)O- U (n~ :)l:~~: ;~u ~~~~-II 
i 1226. Po-210. 226,1'0-210. 210. TI1-230, Total 226,1'0-210, Th- II 
Ill> Th-230, Total Th-230, Total Suspended Particulates 230, Total 

arametcrs , , 
Suspended Suspended (TSP) Suspended 

! Pal1iculates Particulates Particulates (TS!') 
i I(TSP) TS!') r-----------j --During--ji)uring conso~,ZliZ,n until 

reclamation & average levels :s 2 times 
I a minimum of background for 2 

iDuration In perpetuity 3 years aftcr sl1ccessive quarters; and 
Req uircl11cllt 
Phased-out I riler reclamation, one 

!._"_,_~~_.~l-~~o~o~~ooo~~~J-c~.o_~o",,.oo_o~Jl~::'s~:~~: ."o~or:th'~1_3_,,_o_~~~~~,~.~o~~o." 
In Section 3.3 of the Jacobs 1989 report, it was stated that "concentrations of 
uranium (U-238). thorium (1'h-230) and radium (Ra-226) wcre routinely 
monitored during mining operations and the rep0l1ed results were within the 
standards ofthc NRC (l0 CFR Part 20)." Because the reclamation activities 
were expected to produce less dust than the mining operations, it was anticipated 
that the radioactive particle concentrations would be very low. During the 
reclamation operations the results of continuous sampling indicated levels of 0.5 
ofbaekground to two times background for at least two successive quarters. As 
tbe cover was being placed, the levels gradually declined. When tbe reclamation 
was completed tbe levels were consistently at background levels or less than 
background. Based on those results, the BIA Contracting Officer (CO) and 
Pueblo of Laguna reportedly agreed to discontinue tbe particulate sampling as 
allowed for in Section 5.4 of the 1992 Post Reclamation Long-Term Monitoring 
Program "Phase-Out of Reporting Requirements". That section allows the 
requirement to be phased out if the BIA CO agrees that it has been adequately 
demonstrated that tbe goals and objectives of the monitoring function have been 
met. 
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Conclusions - The BIA Contracting Oflicer (CO) and Pueblo of Laguna 
reportedly agreed that it had been adequately dcmonstrated that thc goals and 
objectives of the monitoring function had been met and agrced to discontinue the 
particulate sampling. 

Reeommendatiolls ... No further activities arc recommcnded. 

c. Ambient Radon 

The EIS requirement j()r monitoring of radon gas is compared to the ROD. 
Jacobs Environmental Monitoring Plan, and the actual monitoring that was 
pcrj(lJ'J11ed, and is prescnted below in Table 17. 

Table 17 
Radon Gas Monitoring Requirements Comparison 

5 

i 
liF!'c'lucnc), Monthly 
I • 

[ 

-'Parameters l' Rn-222(I'CI/I.) i------ ~--~Ml'~;lUJ~of-

[
Duration 3 ) CaJ S aliel 

Reclamation 
--------.=-~-=-~~ ----- --=~ 

Item 10: 
Per LIS 

Table 1-5 

Actual 

Paguate. and 3 sites in onsite I 

lou i.ld i n g,,,_._ ... _. ______ ._______ R eq u i re III ent i 

[
Continuous altcr construction was \vaivcd ! 

(3pCi/L jClr 4 quarters. 2 location because I 
!in NYaguatc pits, 3 locations lllcaSllrc~ i 
outside N.Paguate pits, 2 locations I lllcnts wcre Ii 
in S.Paguatc pits~ consistently'l 
4 locations outside S.Paguatc pits. helow the i 
2 locations in .Iaekpilc pits. 4 limit of 
locations outside .Iackpile pits, and 3.5 pC ilL set i 
2J.~~~~!.!.?J_~J_l_!J~~g~!~.!!:. ___ ._.'".~_ by the ROD Ii 

~;;;;:;:-;:'~'jll!1 
than 3pCi/L above bacKground . 

The specified limit for radon gas levels after reclamation was 3 picocuries per 
liter (3 pCi/!.) above the background level of 0.5 pCi/L, f(lr a total limit of 3.5 
pC ilL. Radon-222 gas was measured as suggested by the monitoring report 
(Jacobs 1989). The cups were set up on post three feet above ground at each 
location, and collected quarterly from April 1990 to May 1997. The monitoring 
station locations and time were recorded on Radon Test Dctector log shects or 
field forms, and the rcsults listed on Radon Measuremcnt Data shects and 
Monitoring Reports for each quarterly testing period. The complete radon-222 
survey results were tabulated and reported in the 1996 Annual Report for the 
Jackpile Reclamation Project. Mcasuremcnts arc reported in picocuries per liter 
(pCi/L). 
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Conclusions - All recorded radon gas measurements were consistently below the 
limit of 3.5 pCi/L set by the ROD. Because of the consistently 10\\ 

measurcments it was mutually agreed to phase out this requirement. 

RCt'ommendations - No further activities are recommended. 

d, Radon Daughter Levels 

No records of radon daughter monitoring in remaining mme buildings was 
located. It is not expected, but if any of the remaining mine buildings have 
residual Uranium series contaminants (U, Ra 226) and the air in the buildings is 
relatively stale, monitoring is advised prior to extended occupancy. 

Conclusions·- No records of radon daughter level monitoring in remaining mine 
buildings were located. A radon daughter limit ofO.03WL working level was 
the specified threshold for this parameter. This is potelltial(r floll-compliant 
with the ROD. However, the buildings were reportedly razed at the start of 
reclamation. Therefore, compliance could not have been conducted or expected. 

Recommendations -It is not expected, but if any of the rcmaining mine 
buildings have residual Uranium series contaminants (U, Ra 226) and the air in 
the buildings is relatively stalc, monitoring is advised prior to extendcd 
occupancy, 

c, Radon Exhalation 

Radon Exhalation is the rate of Radon-222 cmanation at the ground surface. It is 
a flux measurement ofratc over a surface area. The Jacobs Monitoring Plan 
eliminatcd the rcquirement to measure radon flux "due tli difficulty and technical 
infeasibility Ii/accuratel)! measuring radlil1.!llIX ". The corrclations of flux to 
doscs of inhaled radon-22 arc poor. There was never a flux standard established 
in the lOIS or ROD to compare flux measurements. 

Tahle 18 
Radon Exhalation Monitoring Requirements Comparison 
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This monitoring requircment was eliminated by dcsign at thc time of monitoring 
program development, so while the lettcr ofthc ROD \vas not met, the 
elimination of this monitoring item was authorized when the monitoring program 
was adopted. 

Conclusions· This monitoring requirement was eliminated by design at the time 
of monitoring program developmcnt, so while the letter of the ROD was not met, 
the elimination of this monitoring item was authorized when the monitoring 
program was adopted. 

Rccommcndations -- No further activities are recommended. 

f. Gamma Survev 

Table 19 below presents the gamma radiation monitoring requirements as 
proposed in the LIS, ROD, Jacobs Environmental Monitoring Plans, and the 
aetualmonitoring that was performed. 

Table 19 
Gamma Radiation Monitoring Reqnirements Comparison 

~=}~~~1l~t;~~~~;~~~8 
I arca~ Paguate tov'':l1sitc, I 

iSampling 
IPoints 

Each waste 
,dump and 
sclected 
reclaimed 
areas 

Each waste 
dump and 
sclected 
reclaimed 
areas 

\\'astc dumps & protorc I 

stockpile arc as, crusher i 
areas, haul and access roads .. i 

Each waste dump and loading dock & rail spur ; 
selected reclaimed areas from Quirk Station north to I 

the project boundary, 3 pits . 
(N.Paguatc, S.Paguate & 
.Iackpile during backfilling 
& covering with shale and 
topsoil. The final aerial 

1_ ... _ ... "~._ .... ~ __ ~ _____ ~ ____ ._ SLlI'VC~~_~_.!].9t conducted 

~q ucnq,. As Needed As. Needed _ As Needed~_"~_'~~'~~'---:I " __ ~ ____ II 

I 
Ground Ground Ground survey, plus final Ground survey. 
survey, plus survey, plus aerial survey Final aerial survey not 

raramctcrs final aerial final aerial conducted i 

i i 1- i3l~·f~~~~·--~-·---·· ri~~~~--- Before seeding~~ld~nce· 6~'-ou-l~ su·!--~y--e-y--... ~-" .. -~-~ ..... -. 

I seeding and seeding and aftcr reclamation is Final aerial survey not 
IDuration once after once after completed conducted i 
i reclamation is reclamation is I 

l.~_.,. c()nlEl~led .. ~ ... ~~£!l2£I~el~9"~~~.~~~~ ~.~~~~"_"~~~_~_,~_"L ... ~~~~~~ ~~~~ ~~~~~~~'"'_~_~_, 
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The specilled limit ror gamma radiation levels aftcr reclamation was twice the 
background level of 14 micro Roentgens per hour (flR/hr) i<)J" a total limit 01'28 
flR/hr. 

Gamma radiation was measured using a TMA/Eberline gamma meter held three 
reet above the ground. The gamma surveys started during construction in 1990. 
and were concluded in 1993. when placement orthe reclamation cover was 
cOl11pleted. The required lInal aerial survey was not conducted. However. the 
ground survey that was conducted exceeded the requirement and it indicated no 
exceedance of the established threshold. There are no records or gamma 
radiation surveys after 1993. The rollowing are the areas surveyed during the 
period of 1991 to 1993. They were selected based on recommcndations ii'om the 
EIS and monitoring reports. 

I. Shops. construction buildings, and offices; housing area; Paguate 
townsite 

2. Waste dumps and protore stockpile areas 
3. Crusher areas; haul and access roads 
4. Loading dock and rail spur ii'om Quirk Station north to the project 

boundary (in 1990) 
5. Three pits (North Paguate, South Paguatc, and .laekpilc) during 

backfilling and covering with shale and topsoil 

Gaml11a radiation was measured using grids (I OOx 1 00 feet or 200x 100 fect) and 
recorded on fIeld sheets, log and summary analytical shcets, and hand-drawn 
ficld maps. Measurements arc recordcd in micro Rocntgcns pcr hour (iJR/hr). 

Gamma radiation on the mine reclamation areas was reduced by moving protorc 
and surfaces of the contaminatcd areas into the pits and covering thcm with shale 
and topsoil. Waste dumps that had Jackpile Sandstone on the surface were also 
covered with topsoil. These activities cffectivcly rcduccd measurcd gamma 
radiation to acceptable levels of less than 25 iJR/hr on the mine areas up to, and 
during, 1993. Thcre were no records of post-reclamation monitoring of gamma 
radiation after complction of rcclamation in 1996. 

Conclusions - Bascd on this radiological measurement review, the following 
conclusions can be drawn: 

1. Gamma radiation monitoring levels wcre consistently below the 28 iJR/hr 
requircment, or lowcr, and a continuous monitoring program was not 
warranted. 

2. The gamma radiation monitoring requircment stated that a ground survey, 
plus a ilnal acrial survey, was to be conducted. The monitoring was to be 
conducted before sccding and after reclamation was complcted. 
Monitoring was conducted before sceding. but the final aerial survcy was 
not performed. 
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3. It is recommended that a llnal ground survey, or fInal aerial survey. be 
conducted. especially on the access roads. pit bottoms and former protore 
piles sites to verify that thcse areas meet the 28 J.lR!hr requirement. 

Recommendations - Bascd on thcsc conclusions, the i'ollowing 
recommendations can be made: 

I. Gamma radiation levels should bc checked at least one more timc to 
verify that reclaimcd areas arc meeting the standard 01'28 J.lR/hr. 

2. The reclaimed mine can be released iI'om any requirement for radon gas 
measurements, and should present no hazards for human health. 

3. 'rhe results orthe process and sampling during the current and previous 
radiation monitoring should be reviewed. 

4. Gamma radiation levels on the access roads, pit bottoms and jC)l'll1er 
protore pile sites should be checked at least one more time, and in the 
future if the topography changes. to verify that those areas meet the 28 
J.lR!hr requirement. 

g. Soil 
There wcre three types of soils testing discussed in documents associated with 
the Jaekpile Reclamation: I) testing jClr suitability for topsoil that could support 
revegetation goals. 2) testing oCheavy metals and radiological compounds and 
3) testing for salt buildup that could reach concentrations toxic to plants. 

Table 2() 
Soils Testing Reqnirements Comparison 

[ "_ ~_~~-"" J _~~~~~l~b~~I~:) ;r"~~~,~::J~~~I~:~~il~~=~~~~.~:~::~_:~~~~~:] 
II IQLS_,llLl?.luLllilJl II .) F 0 rJ.QJ2~91LS.ul\"QJlLt)' I 

,i c2' NP Pit: 2 east 2 west Landmark/Weston i 

I 'u SPPit: 2 east 2 west (1991)collccted38 i 

i
l ~ .Iackpile: 4 locations samples from 26 ! 

One grid per :::J Iialfthe locations in each locations in the pit 
I 50 acres on ''';", pit \\:ill be in areas where areas. 
I Sampling cach waste ponding oeCLIrs after large ?) For Potential for Plan) 
! Points (U 

dump and pit :0 precipitation events and Uptak~ 

bottom ;.": half on well-drained areas. MLink & Boden 
v; Sample collected from 3 (1997) collected 12 

I 
W to 9 inches below surface. Sa1l11J1es 

I 
~ Sampling points mal ked 1.) No Salinity Sampling 

f ~ . '.li,th 3 J(lOlcstee!2."stsc ________ . _____ _ 
I-----:lon~_;:_P;io;_tolll I.) Once 
Fre(II":~"~'..L_Si."edJllJ:\ __ ~l~l1L1ally ._________ 2)Ql1~~ 
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I RA-226, i Ca, Mg, Na, SAR, soil 
I U(na!ural), ['--'-"-1 I,) pH, Ee, saturation %, 

I. Th-230, IEC of saturated paste characteristics 
i1iParamctcrs Se, Va, As, I lextract 2,) As, Cu, Mo, I'b, Se, Ln, : 

lD~~j~:~~~'t~::~";~~m~{~J 
1) TopsoiL The Jacobs Monitoring Report discusses soil tcsting to detcrmine 
suitability for topdressing which was part of the reclamation operations and 
included in the construction spccifieations, It was not a part of the Long Term 
Post Closure Monitoring Program discussed in ROD Item 10, There arc sevcral 
reports which contain data on suils for suitability for top dressing: 
Landmark/Weston (1991), Munk and Boden (1996) and Munk and Boden (1997) 
[Munk, Lewis p, and Boden, Paul, Soils and Biogeochemistry, "PolenlialjiJr 
Planl Uplake ojHcmy AIelals and Radionuclides, Norlh and SOl/lh Paguole 
Open !'ils, Jackpile-l'aguolc Uraniul11 Mine ", May 1997], Appropriate topsoil 
source arcas wcre t(lund, 

2) Radiologicals and j'l§.::;Y,l'.11Q(als. The EIS Table 1-5 presents radiological 
and heavy metal parameters to be tested in soils ii'om the dumps and pit bottoms, 
to assess potential t(lr plant uptake, The Munk and Boden (1997) rcports that 
samples were taken at 12 locations within the pits i(lr some radiological and 
hcavy metals compound, The analyses of the soil topdressing, shale cover 
material, and prot ore in the pit bottoms indicatcd that the heavy metals arsenic, 
copper, lead, molybdcnul11 and zinc occurred at typical levels t(lr natural soils, 
Howcver, selenium, vanadium radiul11-226, Pb-2l 0, Po-21 ° occurrcd at elevatcd 
Icvels in the Jackpile Sandstone protore, The exposed protore was considered the 
worst case sccnario. All cxposed protore within thc pits werc covered with the 
agrecd upon barrier cover and topsoil depths and thus thosc elevated 
conccntration should be of no concern, The ROD requirement for monitoring 
was mel, 

3) Salt BuildUp, The ROD required salinity monitoring in the pits, The Jacobs 
Monitoring Plan directcd the soils in the pits bc monitored for salt buildup sincc 
a survey of drainages blockcd by waste dumps showed the build-up of salts to 
levels toxic to plants in areas adjacent to the blockage, There were no data i(lUnd 
regarding monitoring for salt in soils, 

Conclusions - Thc topsoil, radiological and metals monitoring requirements of 
the ROD have been mcL 'rhc salt buildup and impact to grazing has not bcen 
mel, 

Recommcndations- The lack of salt monitoring represents non-compliance 
with the ROD requircments; howcver, thc presencc of well established 
vegetation would appcar to indicate that salt buildup is not occurring, It is 
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recommended that the pit bottom soils be analyzed for salt build up, and in the 
future ifit appears that salt buildup is occurring. 

h. Radionuclide and Hea\'\' MctallJptake into Vegetation 

The Jacobs Environmental Monitoring Report reports that early data sets shovved 
that "vegelation on the disturbed areas is nol acclIlI1l1lalil1g hem)! Inelals or 
radiol1l1clides in concenlrolions 11](11 are loxic 10 lives lock ". but that it would be 
prudent to monitor to sec if uptake changed with time. 

Table 21 
Monitoring Requiremeuts for Radionuclide and 

Heavy MctallJptakc Into Vegetation Comparison 

I ~"-'''-'~-l~"~c:Ia~~:I~~ T"-~'I~O; -_-... r';~:~1 :~:;:::;~~~[I,~:: t;r-'~ctuaI- .] 
r-~-~-"" lr~~~ce~~~n --. -. --.. - -.- ---, ();~~-I::,:(~n per ~:~~ --- -- - --Ii 
: Sampling selected reclaimed .1 

I with JSS on outer Pit Bottol11s 
'I Points waste dUl11ps and all 

surface :1--.--.-.--.... _. __ l'it_llOlt 0111 S 1.. .. _ ...... _. __ ._ ... -.- --.-.-
I! Frcqucncy Annuall,· I I Annually ;~~~:22~~;6 ! 1··---··_-_··_· .. -----.... -.---.. ,-.---.--.----.. -.-.--- .---.--.- .. j. 
I lJ( I) I'A 01" I [- j'bl I' . cAs, Cu, Pb. I: 

i natura: '\.. - .... ~n, item 12: ::'c 1 C -ractlon lor 1\A, S' V. Ii 

l
ip OIt) '1'10'0 S I' 07' I' 21t) .'10,. C, ' I' 

I, ' o-~ , 1-"0" C, FIS Table I 5 ,a-~~,', 0-. Z' 1'1-71 () " 
i ammeters 'I' V A ·C C'l~' .. '-., 1'1 "10 S V A I "n, ) - . 'I 

j pb. Zn years f()llowing Mo. pb, Cu. Zn Ra-226 I 

I I ' S, L1~ .(, 1\,10, minimulll 10 )-.{.., .. e, a,' s, Po-210. l' 
!-.. ---.-.. -.-.-... -~---------~---- rcsecdil1g .-- ... -... ~,-... ~--.--.-.---.-.. - ---- ------- I 

COllllllcncc one year I 

after reseeding for a 
, 

A minimum of 10 Il11lnlmUm of 10 yea! s I"~ 
follo\\ ing reclamation, II' 

years f(lilowing , 
Increase locations if the 

reclamation I I trends indicatc that , 

Duration 

"'~~." __ ,, .. ,~.," __ ~L . _____________ .. _. _____ . __ ... _"~'".,~~~;!"c~~~~~,:e~::~ ____ L. ___ . __ .. _, 
The Jacobs Environmental Monitoring Plan presel1tsjustificatiol1 for eliminating 
some of the compounds contained in the [IS Table 1-5. The report stated 
"ThoriulI1·230 does nol presenl a signi/icanl ingeslion pulhway. Uranium has a 
low planl uptake/clclor. Ph-2 J () prescnls Ihe grealesl human exposure ". 

There were four years (2001,2003,2005, and 20(6) in which vegetation was 
clipped and analyzed i()r heavy metals and radionuciides. The data are 
summarized in the Table 22 below. 
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Table 22 
Summary of Results of the Heavy Metal and Radionuclide 

Vegetation Uptake Monitoring for the .JadqJile Reclamation Project 

Metals 

Mcasured uptake concentrations of metals into vegetation wcre either below, or 
within, normal ranges for all heavy metals analyzed. As discussed by Munk and 
Boden (1997), the potmtial for uptake by most plants is minimal given the soil 
properties in the pit bottoms. This was confirmed by thc four growing seasons 
(2001 to 2006) of vegetation sampled and analyzed for heavy mctals. There was 
some concern by Munk and Bodcn (1997) that selenium and vanadium may 
accumulate on the surface soils and be translocated li'om the Jackpile Sandstone 
backfilled and covcred in thc pit bottoms. However, there was no increasing 
trcnd ofthesc two metals mcasured in the vegetation cleven years after 
revegetation was complete. 

The concentration in one shrub (four-wing saltbush) analyzed for selenium was 
within a normal high range, and may indicate that this shrub species is a 
secondary accumulator. This species is a member of the goosefoot family, and is 
not generally grazed by domestic livestock when other more palatable grass 
species arc available. 

Domestic livestock can graze the grass/shrub vegetation in the pit bottoms 
without toxic elTects li'om heavy metals. Selenium was the only metal found to 
have the potential for sub acute toxicity on one sample in one shrub species that 
is generally not browsed by livestock. It is not recommended that heavy metals 
be monitored in the future based on the sample results to date. 
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Radionuclides 

The conccntration levels of radionuclides in the plant samples analvzed were 
uniformly low with no increasing trends in levels over the four seasons 
vegetation was sampled, The concentration levels are well below the values that 
are considered toxic to domestic livestock or wildlife: therefore, radionuclidcs 
would not need to be sampled in the future, 

Conclusions - The Jackpile Reclamation Project vegetation uptake-monitoring 
program deviated f!'clm the requirement of the ROD in that heavy metals and 
radionuclides were not measured for ten consecutive years after reclamation was 
completed, Vegetation had low levels of metal and radionuclide uptake based on 
sampling and laboratory analysis, It is believed that vegetation growing on thc 
reclaimed mine presents a minimal potential for hazards to domestic livestock or 
human health due to the low or normal concentrations of metals and 
radionuclides, 

Recommendations - As previously mentioned in ROD Item 9, it has been 
recommended that uptake monitoring be undertaken next year and possibly on 
n\'C-year intervals thereafter in the pit bottoms and particularly in the North 
Paguate pit. 

i. Water Quality 
OAS reviewed the post-reclamation water quality monitoring and data with the 
intention of: determining if the post-reclamation water quality monitoring has 
met the requirements of the ROD. examining the water quality data collected as 
to its validity and its applicability in assessing long-term risks to people and the 
environment, defining contaminants of concern and trends of tbese data, and 
making recommendations as to future monitoring programs and steps that should 
be taken to ensure the health and safety of nearby residents, This study is 
documented in the report "Jackpile-Paguate Uranium Mine Post-Reclamation 
Water Quality Review" presented in Appendix [), 

• Sampling Points 

Table 23 presents the groundwater monitoring points, The FEIS proposed 
using 17 existing wells, the Jacobs Environmental Monitoring Plan proposed 
nine (9) groundwater well locations and formations for completion and six 
(6) wells to monitor the open pit groundwater, and two (2) or more wells at 
the discretion of the POL and BIA, According to the Jacobs Environmental 
Monitoring Plan, the existing wells were old. poorly constructed and 
documented, not located properly for assessment of long I'.Tm monitoring of 
contaminant transport, so in effect unusable, Eight (8) wc"s were established 
in accordance with the Jacobs Environmental Monitoring Plan, one deep 
upgradient well collapsed and was abandoned early in the monitoring period, 
The two wells to be designated ailer the monitoring program was initiated 
were never placed, It is assumed that the 7-well coverage was deemed 
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adequate by POL and BlA. Although the plan called for a downgradient well 
in the deeper Jackson Sandstone formation, both wells that are downgradient 
of the pits are completed in the Alluvium (MW-2 and MW-6). Four (4) of 
the six open pit wells were installed. No wells were installed in the Jackpile 
Pit. This oversight was corrected in 2007. None of the discretionary wells 
were installed. 

: Old \\"ells were 
! not part of the 
! reclamation 
I monitoring 
i program. 
! These were 
I deemed by 
I I Jacobs to be 
! deteriorating, of 
i unknmvn 
i 
; construction 
i materials and 

,( configuration. 

I: 

I 
I 
: , 

Table 23 
Groundwater Monitoring Points 

1----_._--_._._-_. 

North of North Paguate Pit 
(background well) 

.lackpile 
Sandstone 

MW-J 

monitoring 
program 
(.ISS, Stcel,.±:'6 ft.) 
Upgradient of 
Paguate Pits 
(.ISS. PVC. 231 fl.) i 

- N onT1~m~~-theast~ofjfi~kl) i'iZ~~ -.. -------1

1

-- . "-rUI;g~~dT~';~t-'~;T---"'---'''' 
Jackpilc -

Pit ,MW-7 .lackpilc Pit 
Jback ~rolli1d--,,'ell) ...... ~~ndstol'"_I _______ . ___ . .._Q~?,P~.c:oJ.2~J\.L i 
North of the Rio Paguate 
and west of the Rio 
Moquino ncar the 
confluence 

South of the Rio Paguate 
and north of the South 
Paguate Pit 

South orthe .lackpilc Pit 
oflices and east of the Rio 
Paguate 

Alluvium 

Alluvium 

MW-4 

M\V-3 

Not Installed 

Between So. Pit 
and River 
(Alluvium. PVC. 
50 ft.) 
Be1\veen No, Pit 

(Alluvium, PVc. 
60 ft.) I 

and River I 

DO\\ m!1 adIent of ! 
!n Oak Canyon ad.J'accnt to Jackpi!e ..., I 

MW-5 South Paguate PH 
the designated site boundary Sandstone J 

c----------------I------- --------- ~;~:;,:~~~~$~l i 

Ncar the Intersection of the a!! pits along Rio 
south end of the designated 
site boundary and the Rio 
Paguate 

Jackpile 
Sandstone 

MW-2 
Moquino 
(Placed in 
Alluvium, PVC. 40 

, ______ ._. ____ '--_______ ._. ___ .. ___________________ ._ .. f1._) _________ , 
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In examining the monitoring wells outside the mine pits, the upgradient wells 
(MW-l & MW-7) arc screened in the Jaekpile Sandstone. The intermediate 
wells (MW-2, MW-3, & MW-4) arc screened in the Alluvium. The down 
gradient well in Oak Canyon is screened in the Jackpilc Sandstone, but the 
downgradient well positioned to monitor the Jaekpile pit and serve as the 
compliance well ncar the southern boundary orthe site is in the Alluvium. It 
is recommended that one of the discretionary wells be placed in the 
Jackpile Sandstone formation to determine the true impact to that 
valuable aquifer', 

Table 24 presents the surface water monitoring points. The FEIS proposed 
using 7 locations (unspeciiic in Table 1-5). the Jacobs Environmental 
Monitoring Plan proposed six (6) descriptive locations plus each major pond 
in the open pits. The six (6) locations proposed in the Jacobs Environmental 
Monitoring Plan were sampled. plus a sampling point at thc reservoir/lake. 
No ponded water in the open pits was sampled until April 2007, when the 
pond in the North Paguate Pit was sampled and analyzed. 

52 
OA S}lslems CorporOliol1 Septemher 2007 



0500063

Jackpile-PagUC/fe Uranium ltfinc 

.. __ .J?f£fJxdJ}jl)eci!iJi.nLL2./!mliQllQ~ Assess me 11 ~ 

Table 24 
Surface Water Monitoring Points 

,- ;:O~~~···;~.~_~_"O ___ O_~'_ ~·o_~_~ ... _~~~_~._~.·~~--···_· 
If 1'lIlal LIS J t I" I 
Ii I' f.l . aeo)s '.IlVlronmcnta 
I rc errcu 
ii_~_"_ Monitorin~_~:~~~__ _ .. _____ ... __ . 
'1 Sampling Points in 
I Will' Surface Water CI M" 

Hmp IIlg ocatlOns 

Actual 

Variation 

I 
c ~ocatlOn S I' L ' osurc omtonllg 

Program 

1~~~'~---1~~~_~~:1l :~';;:-~~L~;';)-~ r--~---Z;-R~-~~~·~·~-·--"·----] 

I~~~~~~uino ,~.."ve the ~o~,jl~cnce I ____ :,R~=~=~.. =·Ii 
! . Upstream ~~~'C Rio Paguate URI' Ii 

7 Points Rio Paguate above the confluence .. ~""-----L;;-) ------~- ----"--"-1' 
(no speeiilc ---...... ------.--............ ------.---------- il 
i~~~i~~:~~~~) _~~~_~~~~ate ~:elow the confluence _. --~-.--.~ .. --.--~I:MJ . ____ . ____ . ___ ~I.il 

Rio Paguate .. - Ford Crossing \. I 
-----.- ... ~---.----.------.---... -.--~ ... ------ i 

Not done I 

Lake/Reservoir \vas I 

permanent I 

Each major pond in the open pits designated as a I' 

.,,_~·~·_=·_"~~_=c_.==.~~-"=M-"_.'~==c====eo=.=~~.".=."'_".~'"'-_.,._.~~=_==.===~~~~"~~""'""';-.-.---'""'"~"'".!=~~_~!l~lL!-~.£::_l~c:?_~!!~===,.JJ 

• Sampling Parameters 

Similarly to the sampling points, some of the sampling parameters and 
fj'cqucney changed (justifiably) between the timc of the Final FlS and the 
development of the Jacobs Environmental Monitoring plan, Table 25 
presents the groundwater monitoring parameter comparison, 
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Table 25 
Groundwater Parameters 
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:---~~~----~~-T~~_~I-:i~_;IEIS"'~'~ ___ "I""'~_~i~~-l~s--~~I'-"-----"-'--'-'-~--~Act-~;;--~~'-~-~~-"-~l 
! i t Environmental I 

h," """" 1"""",-, .. ,;;;,, '00 I ",,"" 00'" g '''"-- "" d", I '"" 

! J I Base/neutral, acid i 
I ' i c:-.:tractables, and i 

I 
I pesticides ! 

~___ ~.~ ______ ~JEP ",_~clh()cl,(j~_5L __ ~____ ,_~ __ . ___ ! 
I There was some variation year to year, but this represents the most consistent parameter list for i 

the 1 O~ycar post closure monitoring effort ' 
Natural Resource Consultants and Testing Laboratory performed the early monitoring through 

I about 1994 and did not analyze Ag,Zn,TSS. Hall Environmental Laboratory performed the later I 

L~:~?!o~ __ ~,~.~9~~_~,.~.!.~.~,l~U?I.~~~-fl~~~ ~~ ~ __ =.~~~===.==.~.'-'.'~.~~''''.''"'''_ . J 
Groundwater monitoring during construction (between 1989 and 1994) 
consisted of semi-annual monitoring of each of the monitoring wells with thc 
exception MW-8, which was abandoned. Samples were taken in April/May 
and in November/Deccmber. The parameter list consisted of both sets of 
parameters recommended by the Jacobs Environmental Monitoring Plan. At 
the time of this review, water level information was only available on a 
scmiannual basis between May 1992 and November 1994. 

The post closure monitoring (1995-present) encompassed most of the 
parameters in the Jacobs Environmental Monitoring Plan and the sampling 
was performed annually across the board during April/May of each year, 
providing a redundancy that may not have been needed. 

• Surface Water 

Table 26 
Surface Water Parameters 
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Groundwatcr monitoring during construction (bctween 1989 and 1994) 
consisted of scmi-annualmonitoring of each 

A total of seven surface water stations were monitored. These stations 
correspond to the six (6) river stations in the Plan plus the reservoir/lake. No 
samples were taken of the ponded water in the open pits until April 2007. 
Samples were analyzed for both sets of parameters recommended by the 
Jacobs Environmental Monitoring Plan on a semi-annual basis in April/May 
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and November/Deccmber between 1989 and 1994 and annually in April/May 
between 1995 and the prescnt. 
• Water Quali(p Assessment 

'fhe Jacobs Environmental Monitoring Plan required that the Construction 
Management Company audit laboratory procedures, check for anomalies and 
proper analytical procedurcs, compile data on a quarterly basis (submitted to 
POL and l3lA), and prepare annually an Environmental Monitoring Report 
(containing trend graphs, diseussion relative to accepted standards, 
diseussion of anomalies, etc), Only the 1996 annual report was found 
("Jackpile Reclamation Project, Pueblo olLaguna, New Mexico, Annual 
Report ", 1996). The data available to OAS was raw data. The post closure 
monitoring data was provided electronically predominantly directly by the 
analytical lab. There appears to have been no attempt to ol'ganize 01' 

evaluate the water quality data for the post closure period. As a result. 
many parameters were analyzed much more fj-equently than required (some 
that were required to be monitored only onee wcre sampled and analyzed for 
18 years. sometimes twice a year). Also, opportunities for eorrections and 
modifications to the monitoring plan were missed. Perhaps most 
importantly, the lab data was not reviewed and some of the lab data is 
suspect. 

For this section, data were evaluated f~ll' the Post Closure Period (the last 10 
yrs - 1997 through 2(06). It should be noted that there are complete data 
sets for years prior to 1997 but these ten years were considered the most 
appropriate for this ROD evaluation. In the evaluation of these data sets, 
there were both positive and negative aspects as presented in Table 27. 
Overall, there appears to have been no effort to evaluate the data over the last 
ten years. Data was not organized, laboratory QC/QA was not analyzed, 
trends were not evaluated, and conclusions were not drawn as to the potential 
hazards groundwater or surfilce water posed to human health and the 
environment. 

Table 27 
Water Quality Data Condition 

I-~~"~~~I:::;t;~::"~~~~~]- -"~-"-~-----"N~:;~V-c~-~~~-~ --] 

r:~~'~I:I;"f~~~~~T:;~o~:-:,::--:"xPlall'Cd---~"---~---""":~ ~::~l~;t;I~~~~~~::~~)~~'Or t he --~ -II 
• Duplicate samples ancl QA/QC samples were Reclamation Project performed Ii 

identified standard quality control and quality Ii 
• Detection limits were f(x the most I)art assurance procedures. ,li 

i! 
satisnlctory I. Data transfer to logical readable : 

• V/ith a few exceptions, all parameters as tables was time consuming. J 
suggested by the Env, irOll!11Cntal Monitoring ,. It apP,ca,'.'s. that the data was not. 
program were analyzed for each year evaluated on an annual basis to 

~".==_~~~_~~?l~ '.~cre ~o~.~C~~i!"EOI~sisICIlI!~ ~~~~01~.~~~-.-~.- .~~~.:.~~~"~~x. !r~_~~s and _~ollccrn~.:. ___ "'._~=~ __ 
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Positives Negatives 

months of April and May for each year • No v·:ater quality standards were 
defined in the ROD, Monitoring Plan 
or EIS. 

e No wells were installed in the 
Jackpile Pit 

• Ponded water in open pits was not 
sampled 

• A well was not installed in the 
Jackpile Sandstone formation Ilcar 
the downgradient boundary 

• Some of the depth to \vatcr 
measurements in the monitoring 
wells was not available. 

I • Flow, although not required by the 
ROD would be helpful in 
understanding the sur/ace wdter flow 
system. 

• QuaWv COlllrolllnil QUllli(V Assurllnce 

In the evaluation of water quality data, quality control and quality assurance 
measures taken in the field and in the laboratory are of primary concern. The 
Jacobs Environmental Monitoring Plan goes into detail on how samples arc 
to be collected in the field and usc of duplicate samples to ensure that the 
laboratory analyses are acceptable. OAS was unable to obtain written 
sampling proecdures Ii'om thc current laboratory. For this reviev,,', it is 
assumcd that thcse procedures were followed. Even though duplicate 
samples were taken, it is not apparent that these data were used anytime 
during the ten ycars of post rcclamati()n monitoring to check on the accuracy 
of the lab. In addition, cation-anion balance calculations apparently, were 
not performed. The cation-anion balance is a long-practiced, standard 
procedure to check analytical data where relatively complete mincral 
analyses are available, which is truc in this casco To calculate cation-anion 
balance, parameters for cations and anions are convcrted to mcq/L and the 
sum of the major cations (Dissolved Calcium, Magnesium, Potassium and 
Sodium) should be within 5% of the sum of major anions (Total Alkalinity, 
Chloride, and Sulfate) in meq/L. In the case of the Post Reclamation 
monitoring only 42% of the samples were in the acceptable range (within 5% 
of cach other), 33% fell within suspect range (within 5 to 10% of each other) 
and 25% fcll into the unacceptable range (greater than 10 % of each other). 
Every sampling period had at least one unacceptable sample. Had the data 
been reviewed and this simple calculation been made in a timely fashion. the 
laboratories could have been challenged. With only 42 % acceptable .- we 
question the validity of the entire data sets. 
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• Data Review 

r Hydrochemistry - Groundwater 

Hydro Geo Chem, Inc. did a 
complete evaluation the 
hydrochemistry of the .lackpile­
Paguate Mine. (Hydro Geo 
Chem, Inc. "Eifects oj' Uranium 
Mine Dewatering on the WaleI' 
Resources oj'lhe Puebio oj' 
Laguna, New Mexico. Final 
Reporl", March 15, 1982) In 

EVOLUTION with RETENTION TIME 

CATION 

Calcium 
,j, 

Magnesium 
,j, 

Sodium 

ANION 

Bicarbonate 
,j, 

Sutfate 
,j, 

Chloride 

their work, they concluded that groundwater at the mine site shows a 
chemical evolution jJ'om a calcium-sulfate to a sodium sulfate type. This 
is attributed to cation exchange along the groundwater flow path ti'om the 
Zuni Uplift to the Pueblo area. When the water enters the Rio Puerco 
Fault Zone it mixes with more saline waters upwelling jJ'om the Permian 
rocks. Harold I I. Zehner also evaluated groundwater at the mine site 
(Zehner, Harold I L. US (3cological Survey, Water Resources 
Investigation Report 85-4226, "Nvdrology and Waler-Qualily 
Moniloring COl1sideralions, Jackpile Uranium Mine. Norlhweslel'l1 New 
Mexico ", 1985). His analysis indicated that well water in direct contact 
with clay and shale arc dominated by sodium cations and 
bicarbollate/sulf~lte anions, whereas water fi'Oll1 wells completed in more 
oxidized clay and shale arc predominated by sodium _. sulf~lte waters. 
Wells at the time of the Zehner (1985) study ranged in total dissolved 
solids between 900 and 1,500 mg/L. 

Evaluation of groundwater water quality data from the 2005 sampling 
(the last full set of data at the site available at the preparation of the 
report) indicates that groundwater has evolved over time with sulfate in 
most cases being the predominate anion and sodium being the 
predominate cation in pit wells and in wells which arc completed in the 
Jackpile Sandstone. Wells completed in the alluvium range Ii-om 
calcium-sulfate type water (MW-4) and calcium-bicarbonate water (MW-
3) in wells crossgradicnt to the mined pits to magnesium-·sulfate water 
(MW-2 and MW-6) in wells downgradient of pits. These wells can be 
influenced by recharge fi'OI11 adjacent surf~lce waters. These data arc 
summarized in Table 28. Total dissolved solids (TDS) have increased 
fi'om those reported in the earlier studies, ranging between 671 mg/L 
(MW-3) and 8,080 mg/L (NPOP20E). 
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Table 28 
200S Groundwater Quality (Major Cation and Anion) Summary 

IC~~~~~~~C~:-~""~-I'<:;~:<~~ ·~'-"··r5:;~~~~:~;:~·J~~;~;~i~;~?~;1~~:~~f~~~:·~::~l' 
""".~~,.~.~~".-•..•.•. ~ ........... ,.~~.~ •. ~ ...••• ,~-.. " .. ~'".~~~ •.. ~., ......... " .... ~~~ .. ~~~~~~.~~.~ ..• ~ .. " 
i ,Jackpilc Sandst~nc F()rm~~~ 'Veils __ ~_ .. _.__ .~__ ___ -----.. ,,--J 
I--~"--·-"'''·-'-·'-

gradient of ~~.~_~_t ____ ~_ Sodium ... _~~!.L~~_~__ Ii,. 
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f-----.-f-. 
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MW-5 Do 
Pit 

vvngradient ofSP ----.~.- .. --- ----------r·-----
J 359 Sodium Sulfate 
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Alluvium 

MW-2 

J-~~-------

I 

Do wngradient or 
kpile Pit Adjacent .lac 
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3200 

_ ... _. o Moquino 
... _-----_._._ .. __ . .,----
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Adjacent Rio 
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----~ .. --------
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MWA Pit 
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1069 Calcium Sulfate I 

Pa . _. __ . 

" 

Do 
Ii MW-6 pit. 

Ii Mo 
130 

-~---.--.------'".-

Assumed Fill Ma 
'----~-i NPOP20E Wi 
i NPOI;:ZOW-- Wi 
r~------ --_.-

Finally, trends in total dissolved solids in groundwater water samples are 
quite variable. While there appeared to be slight downward trends 
through 2005, the data obtained fclt' 2006 and 2007 sampling events 
indicate the TDS values are returning to fCllmer levels . 

.,. Hy(/roc/temistl)' - Surface Water 

Zehner (1985) concluded that the Rio Moquino contains greater 
concentrations of dissolved solids than does the Rio Paguate. The mean 
dissolve solids concentrations at the time of the Zehner study in the Rio 
Moquino range from 1,600 mg/L upstream fl'om the mine area to 1,900 
mg/L just upstream fi'om its confluence with the Rio Paguate. In the Rio 
Paguate the total dissolved solids increased to about 2,000 mg/L. The 
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Rio Moquino contained calcium, magnesium, and sodium concentrations 
in nearly equal proportions and sulfate concentrations greater than 
bicarbonate or chloride. 

Again, looking at the last full set of data hom 2005. there appears to bc 
two types of water. Watcr samples f1'om the Rio Paguate upstream hom 
thc mine (URI') and above the conflucnce (LRP) arc calcium­
magnesium-bicarbonatc watcrs. Watcr samples from the Rio Moquino 
(URM, LRM) and at sampling stations on Rio Paguate below thc 
confluence (PM) and at Ford Crossing (RT) are slightly more sodium rieh 
with sulfate being the predominate anion. So the water is becoming more 
sodium-sulfatc rich as it flows through the mine site. 

'r Contaminants 

One of the major concerns ofthc Record of Decision is the potential for 
contamination of surface water and groundwater, due to the mining and 
reclamation operations, to affect human health and post-reclamation land 
use opportunities. There were no contaminants of concern (COC) or 
limits set out in thc ROD or FEIS. Thereforc, it is diflicult to detcrminc 
compliance or not. OAS compared the data to available standards: 
Primary and Secondary Drinking Water Standards and Agricultural 
Standards. 

Primary drinking water regulations (CFR Title 40 - "Prolec/ion o/' 
Enl'irol1lnen/, Chap/er 1 -- EI11'iJ'onmcnlal Prolec/ion Agency. ParI 141 
Na/iollal Primm)! Drinking Wafer Regula/ions"); and related regulations 
arc applicable to public water systems. Sccondary drinking water 
regulations (CFR Title 40 -- "l'rolec/ion of Enl'ironmel1/. Chap/er 1 -
Enl'ironmenlal Prolec/ion Agency, Pal'/ 143 - Na/iollal Secondary 
Drinking Wafer Regula/iol1s") control contaminants in drinking water 
that are non-health related, but intended to protect the public welfare. 
These regulations are not directly applicable to this situation, but are 
intended as guidelines. 

Primary Drinking Water Regulations (Maximum Contaminant Limits) 
• Fluoride - Concentrations exceeding 4 mg/L were found in all 

samples taken hom MW -1, an upgl'adient well 
• Lead- One excursion of the standard of 0.015 mg/L was found in 

MW-I 
• Arsenic -- One sample fi'om MW-4 exceeded the standard 01'0.01 

mg/L. 
• Gross Alpha - All suriilee waters, groundwater, and pit wells had 

cxccedances of the Gross Alpha MeL except for the reservoir. Many 
had exeeedanees for each sampling period. 
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Table 4-1 
Gross Alpha Exceedanccs of the IS pCi/L MeL 

Location # samples Range 
> 15 pCi/L 

Groundwater 
MW-I 101'9 ND 17.33 
MW-2 10 of 10 12.51 97.67 
M'\t\!-3 601'9 31.92 104.85 
1\1W-4 90f9 20.99 20).3 

MW-5 3 of <) ND 23.94 
I\1W-6 901'9 ND 118.72 
I\1W-7 40f9 9.11 40.63 
Surface \\ 'Iter 
NI' Pond I or I ]468.05 
Railroad Trese] ]Oofl0 37.5') 214.33 
Lower Rio 1\1 7 of 10 16.62 53.05 
Lower Rio P 6 of] 0 2.24 106.22 
!'-M Conlluenee 8 of 10 11.19 94.03 ........... 

Upper Rio M 2 of 1 0 ND 35.11 
Upper Rio P 1 of 10 ND '),. ,.. ..... 

).).1 

Paguate 1.ake 001'6 ND 3.04 
Pit Wells 
NP-Ol'- 20 W ]0 01']0 159.25 707.7] 
Np-O!'- 20 E ] 0 of 10 8965.97 67.278.82 
JP-OP- 41 N 1 or 1 385JI7 ..............•..... 

.!P-Ol'- 41 S 101' I 323.803.05 
SP-OI'-34 10 of ] 0 74'()c) 1490.91 
SP-OP-35 ]001'10 1022 7385.57 

• Uranium-- ;\11 Surlilee waters. groundwalers. and pit wells had exeeedances of 
the total uranium. Many had exeeedanecs for each sampling period. The 
Lake/Reservoir is a public recreation area used fCll" fishing. 

Tahle 4-2 
Total Uranium Exceedances of the OJ)3 mg/L MCL 

Location # samples Range 
> 0.03 mg/L 

Groundwater 
MW-1 6 of 9 3.87 6.27 
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Table 29 
Gross Alpha Exccedanccs of the MCL = 15 pCi/L 

• Uranium - All Surface waters, groundwater, and pit wells had 
exceedanees of the total Uranium. Many had exeeedanees for each 
sampling period. The Lake is a public recreation area used for 
fishing. 

Table 30 
Total Uranium Exceedanccs of the M CL = 0.03 mg/L 
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• Radium 226 - Fewer samples exceeded the standard of 5 pC ilL. No 
surface water samples were above the standard. Groundwater wells 
exceeding the standard included (number of times excccded arc in 
parenthescs): MW-I (1), MW-6 (I) and MW-7 (4). All pit wells 
completed in fill material excecded MCL in ALL sampling events 
except fil!' NPOP20W and .11'01'41 N with the highest value of 384.89 
pCill in .11'01'41 S. 

Secondarv Dril)king Watcr Regulations 
• Total Dissolved Solids _. nearly all samples, both surface and 

groundwater, exceed the secondary standard or 500 mg/L 
• Sulfate --most surface water and groundwater exceed the secondary 

standard of 250 mg/L 
• Manganese _. Several excccdances of the secondary standard 01'0.05 

mg/L during the 10 year monitoring period for both surface water and 
groundwater. These included (number of times exceeded are in 
parentheses) : MW-2 (10), MW-3 (3), MW-6 (7), SPOP35 (6), 
NPOP20W (10), NPOP20E (10), RT (2), LRM (5), LRP (6), PM (7), 
AND URI' (8). 

• pH - Two samples were in non-compliant, one ii'om URM and the 
other fi'OJTI SPOP34. 

" Agriculture 

Another concern of the ROD is the potential for the build up of salts in 
the bottom of the pits. Examination of the electric conductivity (EC) and 
TDS data indicates that all samples taken (in and out oCthe pits) present a 
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high to very high salinity hazard for irrigation water as presented in 
lablc29. Due to salinity alone. the groundwater is unsuitable fill' 
irrigation and stock watering. 

Table 31 
Salinity Hazard (USDA) 

1[~~="~~"~·:[":=~~==l~~OI~::~O~:)Y;:;~.~;;I~~ss~1~~~~~"::;~.;~~)l 
i: Low salinity, no detrimental I <250 <200 I 

" effects expected , 
. .._.--- .--.. -~"-.... ,,.---. "'--._'-'-'-", "1 

iMedilim salinity, detrimental 250 .. 750 200 500 
! effects to sensitive crops i 

I

i . __ .. _-... _- -_. . .. _-- - .. --~--.. --.----.-.--~-.. ~! 
! 

on many crops I 
I High salinity, adverse errectsl 750 2250 500 1500 . 

I vcr~~;;~;;linity. s~~;~,~~r-'''~250 5000 · .. ·-1-500 -~ooo I 
L ~~~~f()J ~~~~~~~~[:~~1~~1~=_~ __ ~~ ___ =_== ____ =~ _~ ____ =~=~ ___ ~ ~~: 

Conclusions - Based on this review it is concluded that the intent of the ROD 
was met for water quality sampling, but there are some rather large data gaps. 
Conclusions cannot be drawn as to environmental impacts and long term health 
risks associated with water quality at the closed mine. The results of the 
radiological analyses of the monitoring well, surface water and particularly the 
pit wells, indicated inconsistencies in the data which should be resolved. 'fhe 
results of somc of the pit well samples indicate levels that need to be cvaluated 
and confIrmed as soon as possible. 

The four data gaps I) the depth to water measurements were reportedly recorded in 
order to calculate the volume ofwatcr to be purged prior to sampling of the wells, 
but the record of those depths was incomplete. 2) the Jackpile pit wells were not 
installed until 2007, 3) the ponded water was not sampled and analyzed until 2007 
(ponds were not anticipated during reclamation; they appeared in the latter half of 
the reclamation monitoring), and 4) a downgradient boundary well in the Jaekpilc 
Sandstone was not installed (the Jaekpile Sandstone is reportedly not present at the 
boundary), collectively represent a major deviation from the ROD and is therefore, 
Iloll-compliall t. 

Recommendations· Based on these observations, the following 
recommendations ean be made: 

1. Continue sampling Jackpilc pit wells, and install a discretionary well(s). 
2. 1nstall a discretionary well near the downgradient boundary. The 

location(s) of any discretionary well(s) should be selected in order (0 assess 
downgradient groundwater conditions. Two areas that could be considered 
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for this purpose arc I) upgradient 11'om the Rio San Jose and 2) at the 
Mesita Dam. The downgradient monitoring wells(s) should be constructed 
so that the screened interval allows for both environmental compliance 
monitoring. as well as water table elevation measurements. The existing 
monitoring wells MW-5 and MW-6 were apparently screened in the bottom 
10 feet for water level measurement purposes only 

3. Continue sampling pondcd watcr within pits. 
4. Sample the ponded water at thc north end ofthc site outside thc Jaekpile pit 

at least one more time. This pond cxtcnds onto the trust lands to the north 
whcre domestic cattle graze. Thc pond causes waste piles to be saturated 
and could lead to the releasc of contaminants 11'0111 the wastc pile. 

5. Monitoring should continue for all the wells and surface waters until a risk 
asscssmcnt has bccn completed. Continued monitoring of surfacc watcr 
may bc nccessary to protect fowl and animals. Parameters which should be 
monitored incl ude field parameters, major cations and anions, manganese, 
total dissolved solids, arsenic, fluoride, lead, gross alpha, radium 226, 
uranium (total), gross bcta and Po-21 O. At that time sample locations can 
be further evaluatcd to dctermine ifthc monitoring can bc further limited. 

6. Watcr usage should be prohibitcd pending the results of additional 
sampling activities, QA/QC of previous lab results and the Jindings of the 
proposed Risk Assessment. 

7. With the completion of sampling, data should be evaluated as to its 
accuracy. The laboratories should be required to perform cation-anion 
balances and if not within aeecptable rangcs, the samples should be redone. 

8. A Quality Control/Quality Assurance analysis of ali general chemistry, 
chemical and radiological reports and results needs to be conducted to 
evaluate the sampling procedures and analytical results. This should be 
followed by re-sampling of the water. 

9. A risk assessment should be performed to determine the potential hazards 
and risks of the high levels of gross alpha, radium 226, and uranium in 
most samples, especially in wells in filimaterial and areas of public access. 
A risk assessment is needed prior to Resource and Land Use planning for 
the mine site. 

10. With both surface water and groundwatcr samples showing some level of 
contamination, an evaluation should be made to dctermine if any 
contaminants have migrated beyond the compliance boundary. A 
compliance boundary must first be established . 

.,.. Subsidence 

Subsidence was of conecrn because of underground mining (P-711 0 Mine 
and PW -2/3 Minc) under sections of old highway 279. The predicted rate 
of subsidence is very low, but it was deemed prudent to monitor 
subsidence if lind when the new highway 279 was temporarily closed for 
reclamation activities and the public was required to usc the old road. 
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